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INTRODUCTION. 


Ir has been shown by H. M. Reese’ that the separation of 
the external components of the regular Zeeman triplet or quad- 
ruplet, as seen perpendicular to the lines of force, does not 
vary proportionally with the strength of the magnetic field in 
which the luminous source is placed. This fact was established 
for the zinc lines 4680.38, 4722.26, and 4810.71, and for the 
three homologous cadmium lines up to a field of about 26,000 
c. g. Ss. units. 

Reese also states, in referring to certain lines in the spectrum 
of iron, that ‘‘in comparing the separation of the lines between 
3900 and 4450 it was at once observed that the lines could be 
broken up into two classes, in each of which the separation of the 
various lines was of the same magnitude. These two classes are 
identical with those for which Humphreys found that the shift 
due to pressure was the same. On these plates the separation is 
very small in all cases, owing to a weak field, and no accurate 
measurements were taken of the separation.” 


* ASTROPHYSICAL JOURNAL, 12, 120-135, 1900. 
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It appeared, then, to the author of the following paper to be 
a matter of no little interest to extend Reese’s investigations on 
zinc, using higher field strengths, and also to make a more 
exhaustive investigation of the spectrum of iron, measuring with 
care the separations, and comparing the values so obtained with 
the shift for the various lines as given by Humphreys." 

The following investigation was made primarily with these 
two ends in view. From time to time, however, as subjects 
worthy of attention presented themselves, the scope of the work 
was broadened. In short, the results obtained deal with the fol- 
lowing subjects: 

1. The variation of the separation with the strength of the 
magnetic field for zinc and iron to a field of about 33,000 c.g.s. 
units. 

2. The spectrum of iron, including: The relation of the 
separation to the pressure shift as given by Humphreys; (4) a 
study of the iron lines which are affected by the magnetic field 
in an anomalous manner; (c) the laws governing the separation 
of the iron lines. 

3. The spectra of nickel and cobalt—a search for peculiari- 
ties and for a law governing the separation. 

4. The Zeeman effect along the lines of force. 

5. The extension of Preston’s law for the homologous lines 
of the spectroscopic series, namely, that for these lines the 


AA 
expression 5,7, is a constant for lines whose wave-lengths are 


given by equal values of in the tormula 
A*=A+ 


where AX stands for the separation of the outer components of 
the Zeeman triplet, quadruplet, etc.; » signifies the wave-length 
of the line in question; H, the strength of the magnetic field ; 
A, B, and C are constants; and # is an integer, 3, 4,5..... 

These subjects will subsequently be discussed in the order 
given above. 


! ASTROPHYSICAL JOURNAL, 6, 169-232, 1897. 
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APPARATUS. 


The grating employed was that used by Reese: Rowland 
mounting, concave, radius of curvature thirteen feet three inches, 
of 15,000 lines to the inch, fitted with the ordinary adjustable 
slit and camera-box with shutter. The first spectrum was the 
most brilliant; the third could not be used beyond A 4600 owing 
to mechanical interference of the beam and truck at that point. 
The plates used were Seed’s “Gilt Edge” and Cramer’s * Iso- 
chromatic Fast,” and the ‘‘Erythro” plates of the International 
Color Photo Company, all cut to 14% by 11% inches. The 
light from the luminous source passed through a Nicol prism 
(or doubly refracting rhomb) when such was necessary, a total 
reflecting prism of quartz (cut with its optical axis parallel to its 
edge), a condensing lens of quartz (cut with its optical axis 
parallel to its principal axis), 2% inches in diameter and of 21 
inches focal length; and thence to the spectrometer slit. The 
total reflecting prism was necessary owing to the size of the 
magnet and the shape of the room. 

The electromagnet was that employed by Reese in his inves- 
tigations conducted during the scholastic year 1899-1900. The 
cores, cylinders of soft iron 78.3 cm. long by 15.1 cm. in diame- 
ter, are each fitted with two coils of about 1600 turns each, 
formed of No. 9 B. & S. cloth-covered copper wire. The pole 
heads are bored to admit of viewing the luminous source along 
the lines of force if so desired ; and, being movable normally to 
the axis of the cores, are held in position by bolts sunk in the 
cores themselves. The pole tips proper, of conical form, have a 
semi-angle of 15°. As used by Reese in his work perpendicular 
to the lines of force, these pole tips had screwed into them solid 
pieces of the same semi-angle. The flat surfaces of these latter 
had a diameter of 3.2cm. Inthe following investigations these 
small terminal pieces were replaced by a pair whose semi-angle 
was 45° and whose diameter was but 1.5 cm. The result was about 
15 per cent. increase in field strength. The field was very uniform 
at all sizes of gap used—3 to 7 mm.; in fact, it varied by an 
amount about equal to the error of reading of the ballistic 
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galvanometer used to measure its strength. The two coils on 
each core were connected in series, the two pairs in parallel. A 
current of thirty amperes in the main circuit and twelve amperes 
in the coils gave a field of over 33,000 c.g.s. units for a gap 
of 3mm. 

. The luminous source was a spark between metal terminals, 
which were ground flat and firmly held in the arms of an adjust- 
able device fitted with two racks and pinions. Thus was fur- 
nished an exceedingly efficient means of adjusting the spark 
gap even during exposure; and, as a result, small terminals 
could be used and the metal fed in at any desired speed. 

Nickel wire of about I mm diameter, and small pieces of cobalt 
soldered with silver solder to brass terminals and then ground 
flat, were used for the spectra of those metals and furnished no 
trouble even in strong fields. Iron wire of about 1% mm diam- 
eter, ground flat to less than I mm thickness, was used for the 
iron spectrum. To keep these highly magnetic terminals away 
from the pole tips, adjustable bracings of asbestos, wood fiber and 
brass were used ; and no difficultv was experienced in feeding in 
the metals during exposure. Zinc, cadmium and magnesium are 
handled easily. Mercury was fed from a reservoir of adjustable 
height through a rubber tube to the lower brass terminal, which 
was hollow. The upper electrode was of brass. The spectra 
of calcium and of strontium were obtained as follows: The 
chlorides of these metals were quickly ground fine in a mortar 
and put at once in test tubes in a desiccator. Copper wire of 
about 2% mm diameter was drilled to the depth of about 2cm 
so that merely a shell remained. The salt was then packed 
tightly in the tubular cavity, the end pinched and the wire 
pounded flat. The hygroscopic character of these salts is the 
objectionable feature. 

The spark used as luminous source was produced as follows: 
An alternating current of 133 cycles per second was received at 
about 110 volts difference of potential. This was passed through 
amyadjustable impedance of closed magnetic circuit and through 
a transformer whose ratio of transformation was 110 to 8000. 
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From the secondary of the transformer connections were made 
to a condenser placed as near as possible to the spark gap. 
From the condenser short thick wires lead directly to the spark gap. 
The impedance could be so adjusted that the spark was either 
brilliant, excessively disruptive and “cool” (if, indeed, it be 
proper to speak of the temperature of a spark), or less brilliant, 
more continuous and “hot,” approaching —though but toa very 
slight degree—an arc. The difference of potential at the ter- 
minals of the transformer varied from 4 to 28 volts according as 
the spark gap used was small (about 1mm) or large (about 
7mm). This gave a potential difference at the terminals of the 
secondary of from 300 to 2100 volts. The condenser was built 
of forty glass plates, of % inch thickness, separated by 36 
square inches of brass foil. Thus was obtained a capacity of 
about 0.014 microfarads. 

The adjustable impedance transformer and condenser were 
kindly loaned by Dr. E. F. Northrup and proved of great 
service. 

Several turns of an air-coil of about 15cm diameter were 
often inserted in the discharge circuit for various reasons which 
will be touched upon later. 

The dividing engine used to measure the separation of the 
lines was that designed by Professor Rowland and used for the 
construction of his table of the solar spectrum. The error of 
the screw is far less than the error of setting on even the 
sharpest lines. 

ACCOUNT OF EXPERIMENTS. 

1. The variation of the separation with the strength of the magnetic 
field—For Zinc: Table 1 gives the distance in Angstrém units 
between the outer components of the sharp triplet zinc 
A 4680.38, between the means of the outer components | | 
of the sextuplet zinc 4722.26 (see Fig. 1), and between 


the outer components of the diffuse triplet zinc 4810.71. | ay | 
The values of the separation given represent the meas- 
urements on plates taken when the requisite conditions 
were obtained in two different ways: set I with a small magnetic 
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gap and the magnetizing current changed to obtain different 
strengths of field, set 1] with the current constant and the width 
of gap changed. This shows the uniformity of the field and the 
ease of control of the conditions. The line 4722.26 appears as a 


AN A. U. 


1.2 


(6) 0.6 


#7 in c. g. s. units 10,000 20,000 30,000 
Zinc lines: (a) X 4680.38; (4) X 4722.26; (c) A 4810.71. 


Fic. 2. SEPARATION AX AS A FUNCTION OF FIELD STRENGTH / (TABLE I). 


sextuplet only with the strongest fields, otherwise as a quad- 
ruplet. 

The accompanying curves (Fig. 2) explain themselves. 
Reese’s maximum field was 26,600 c. g.s. units. His results 
are in general confirmed. The drop in the curve is very marked 
in the case of 4810.71. The sharp triplet and the quadruplet 
give a curve which approximates a straight line. 
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TABLE I. 


Zinc. Ad as a function of 7." 


AA for given values of 7 


character 
8.820 17.110 26.060 | 30.660 
| 
4680. 38 Ior 0.313 0.646 0.961 | 1.106 
4722.26 .278 -578 .852 0.988 
4810.71 Ior -240 | 
SET II 
| 6.800 17.140 26.630 | 33.320 
4680. 38 Ior | 0.266 0.630 0.959 1.194 
4722.26 Ior .238 568 .864 1.060 
4810.71 Ior .400 t 


For Iron: Tables II to IV and Figs. 3 to 5 explain them- 
selves. It will be noted that with this metal the drop appears 
to be less. The three lines, 3737.27, 3920.40, 4033.24, which as 
a result of the magnetic field appear in the spectrum as sharp 
triplets, one of small, one of medium, and one of large separa- 
tion, were chosen at random; as were also the two lines, 3887.18 
and 3903.09, which appear as quadruplets, and the two 3834.38 
and 4030.89, which appear as somewhat diffuse triplets—in 
each of these last sets one of larger and one of smaller separa- 
tion. 3834.38 is not very diffuse, while 4030.89 is quite so, and 
indeed, is classed as “‘nebulous’’ in Exner and Haschek’s table. 

The curves show that the separation is not proportional to 
the field strength for strong fields—the curves are not straight 
lines, but droop; and it is apparent that the division into classes 
of small and large droop is dependent upon the character of the 
line and not on the degree of initial separation, whether large 
or small. 


*) and Ad in Angstrém units. Wave-lengths as given in Kayser and Runge’s 
tables. A inc. g. s. units. 


? Maximum intensity = 10; r stands for “ easily reversed.” 
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Ad A.U. 


0.9 


(2) 0.5 


0.3 


0.6 = 


(4) 0.4 


0.2 


(c) 0.4 = 


0.2 
aed 


Hc. g. s. units 10,090 20,000 30,000 
Sharp Iron Triplets: (a) \ 4033.24; (4) 43920.40; (c) 3737.27. 


Fic. 3— AA AS A FUNCTION OF AH (TABLE II). 


The plates which gave these results both in the case of zinc 
and iron, were taken in the second spectrum; the time of expos- 
ure varied from 20 to 120 minutes; and the deviation of the 
mean in measurement was such that, in general, the values may 
be considered correct to 0.01 of an Angstrém unit in the case of 
zinc and to 0.007 A. U. in that of iron. 
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TABLE II. 
Iron, Ad asa function of H. Sharp triplets.' 


Plate | Field A AAs? | Mean dA, | 4A (A.U,) 
387 11.600 3737-27 8 0.0740 0.160 
387 11.600 3920.40 5 . 1000 .216 
387 11.600 4033.24 I -1433 -310 
386 19.600 3737.27 8 -1203 . 260 
386 19.600 3920.40 5 . 1705 - 369 
386 19.600 4033.24 I -2425 -524 
259 26.460 3737.27 8 - 1665 . 360 
359 26.460 3920.40 5 -2328 -503 
359 4033.24 I -3195 -691 
345 28.000 3737.27 8 .1715 
345 28.000 3920.40 I -24 
350 28.000 3920.40 8 .2488 -538 
345 28.000 4033.24 5 . 3460 
350 28.000 4033.24 I 3430 “3445 
355 | 29.500 | 3737.27 8 - 1838 -397 
355 | 29.500 3920.40 5 561 
355 29.500 4033.24 I - 3585 -775 
400 33.400 3737.27 8 -2025 -438 
400 33-400 3920.40 5 .2890 -625 
400 33.400 4033.24 I -4018 .869 
TABLE III. 


Iron. AX as a function of H. Quadruplets. 


Plate Field A | Intensity | AA, Mean AA, laa(A.U.) 
387 11.600 3887.18 5 0.0958 0.207 
387 11.600 3903.09 7 -0803 -174 
19.600 3887.18 . 1648 .356 
386 19.600 3903.09 7 - 1333 .288 
359 26.460 3887.18 5 .2195 -475 
359 | 26.460 3903.09 7 1793 - 388 
345 28.000 3887.18 5 .2310 -499 
345 28.000 3903.09 7 .1905 

350 28.000 3903.09 7 . 1900 0.1902 
355 29.500 3887.18 5 .2468 -533 
355 29.500 3903.09 7 -2043 -442 
400 33.400 3887.18 5 -2741 -593 
400 33.400 3903.09 7 .2258 . 488 


* Nearly all of the iron lines are sharp. With difficulty could diffuse lines be 
found. 4030.89 is the most diffuse of any and is marked “nebulous” in Exner and a 
Haschek’s table. From this table are taken also the wave-lengths and the intensity of aa 
the iron lines. 


2 AX as measured in screw-turns of dividing engine. 


P 


298 N. A. KENT 
Ad A. U. 
(2) 
0.6 
0.4 
0.2 
(6) 
0.6 
0.4 
0.2 
H 10,000 20,000 30,000 
Iron quadruplets: (a) \ 3887.18; (4) \ 3903.09. 
Fic. 4.—AX AS A FUNCTION OF A (TABLE III). 
TABLE IV. 
Iron. Ad asa function of H. Somewhat diffuse triplets. 
Intensity 
Plate Field and AA, Mean AA, |AA(A.U.) 
Character 
| 
387 11.600 3834.38 8 0.0638 | 0.138 
387 11.600 4030.89 2n' .0g81 .212 
386 19.600 3834.38 8 .241 
386 19.600 4030.89 2n' .1562 . 338 
359 26.460 3834.38 8 -1495 | +323 
359 26.460 4030.89 2n' . 2035 
345 28.000 3834.38 8 . 1602 | . 346 
345 28.000 4030.89 .2147 |) 
350 | 28.000 4030.89 an? | .2144 | 50-2145 | .464 
355 29.5C0 3834.38 8 -1658 | -358 
355 29.500 4030.89 2n' .2223 -487 
400 | 33.400 | 3834.38 8 1733 375 
400 33.400 4030.89 2n' . 2420 | -523 


Nebulous. 
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TABLE Va. 
Small AX. (0.28 to 0.55 A. U.) and small AP (o. o1 to 0.02 A. U.) 
Spark’ Arc* 
| 
A 
3969.40 8 0.55 | 0.01 8 3969 . 34 ee 
97.525 4 41 -O1 6 97-49; Bsu , 
4030.89 2n| .46| .o1 6 | 4030.84) Bsr 
45.985 10 -47 02 fe) 45.90 Bsr 
63.755 10 -41 ol 10 63.63 Bsr 
71.92 10 28 .O1 10 71.79 Bsr 
4118.725 5 41 .02 10 4118.62 Bsu 
81.94 7 52 -02 8 81.85 Bsu 
99.275 8 -43 10 99.19 Bsu 
4219.515 6 .46 or} 8 | 4219.47| Bsu 
71.93 10 52 oI 10 71.93 Bsr 
82.60 6 -54 oI 10 82.58 Bsu 
4308.06 10 .48 ol 10 4307.96 Bsr 
25.945 10 39 | .O1 10 25.92 Bsr 
83.715 10 51 ol 10 83.70 Bsr 
4404.945 10 51 | 10 | 4404.88| Bsr 
Ad A. U. 
(2) 
0.5 
0.3 
0.1 — 
(4) 
0.6 
0.4 
0.2 
H 10,000 20,000 30,000 
Somewhat diffuse iron triplets: (a) 3834.38; (4) 4030.89. 
Fic. 5—.AX AS A FUNCTION OF (TABLE IV). 
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TABLE Vb. 


Large AX (0.59 to 0.03 A. U.) and large A P (0.05 to 0.12 A. U.) 


Spark * Arc 
aa? | 
A I, I, 
4187.22 7 0.61 | 0.07 10 4187.17 Pnu 
88.00 7 .60 -10 10 37.92 Pnu 
98.50 6 -59 08 10 98.42 Pnu 
4208.73 2 -93 .05 4 4208.71 Pnu 
22.355 4 Be .09 8 22.32 Pnu 
36.095 8 .67 .06 10 36.09 Pnu 
60.645 10 -68 -10 fe) 60.64 Pnr 
99.43 71r 63 -10 10 99.42 Pnu 
‘icone a 71 -12 10 5573-05 Pnu 
80 -10 10 86.92 Bor 
TABLE Vc. 


Large AX (0.60 to 0.81 A. U.) and small AP (0.01 to 0.02 A. U.) 


Spark * 
4a? | aP3 
A I, I, A 
4005.405 8 0.60 | 0.01 8 4005.33 Psr 
33.24 I 75 .OI 6 33.16 |Br& Pnr 
4132.24 8 67 -OI 10 4132.15 Psr 
44.06 7 60 OI 10 43-96 Pur 
4315.26 | 5§ -02 10 4315.21 Bsu 
76.10 | 4 .65 | .02 8 76.04) Bsu 
TABLE Vd. 
Small AX (0.41 to 0.48 A. U.) and large A P (0.08 to 0.09 A. U.) 
Spark * | | Arc4 
4233.745 6 | 0.41 | 0.08 | 10 4233.76 Pnu 
| .48 .0o9 | 5569.67 Bsu 


NOTES ON TABLES V a, b, c, d: 


1. Exner and Haschek — Rowland’s scale. 


original line. 


Intensity and character that of 


2. Ad, in Angstrém units, taken, with three exceptions, from Table VII. 


3. AP = approximate pressure shift in A. U. as measured by me on plates 
taken by Dr. Huff at pressure of about 9 atmospheres. 
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4. Kayser and Runge; wave-lengths Rowland’s scale. Intensity and character 
that of original line. 

5. Lines which appear in Humphrey’s table, page 200. ASTROPHYSICAL JOUR- 
NAL, 6, October 1897, as corrected by Ames and others (see ASTROPHYSICAL JOUR- 
NAL, 8, 50). 

6. Character of original line and that under pressure as apparent on Dr. Huff's 
plates. 

B nr signifies: Both original line and that under pressure non-symmetrical and 


reversed. 

Bsr ™ Both original line and that under pressure symmetrical and 
reversed. 

Bsu ” Both original line and that under pressure symmetrical and 
unreversed. 

Br ™ Both original line and that under pressure reversed. 

Per vs Line under pressure symmetrical and reversed. 

ren .* Line under pressure non-symmetrical and unreversed but very 
much broadened. Original line symmetrical and unreversed. 

Pnr "7 Line under pressure non-symmetrical and reversed. 


2. The spectrum of iron. 

As an introduction it may be said that nearly all the results 
given under this section were obtained from plates taken in the 
second spectrum. The time of exposure varied from 30 to 135 
minutes; and the values of the separation given are correct to 
0.008 A. U., generally speaking. 

(a) The relation of the Zeeman effect to the pressure shift. 

As, upon a preliminary survey, Reese’s statement before 
mentioned was not confirmed by measurements of the separation 
made on my plates, and, as Humphrey’s table had been shown 
incorrect in several particulars (see Ames, Earhart, and Reese, 
ASTROPHYSICAL JOURNAL, 8, 50, 1898), it seemed best to go over 
Humphrey’s work with care. This was rendered possible by the 
kindness of Dr. Huff, who happened to be working upon the 
pressure shift. He furnished me with three excellent plates 
taken (for a pressure of about 9 atmospheres) in the second 
spectrum of the 20-foot Rowland grating used by Humphreys. 
Tables V, a, b, c, d contain the results. It is apparent that 
Reese’s statement, that the lines could be broken up into two 
classes in each of which the separation, AX, was of the same 
magnitude, these two classes being identical with those for which 
Humphreys found that the shift due to pressure, AP, was the 
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same, is not verified. The statement was true of the lines on his 
plates—a mere coincidence. As appears from the tables given, 
the majority of lines obey Reese’s law, 26 against 8; or 24 per 
cent. are exceptions, 76 per cent. follow the rule. 

The conclusions which may be drawn from this study are 
that in general the lines for which AA is large (1) show a large 
pressure shift and (2) as a result of pressure aie broadened 


(a) Source of light viewed perpendicular to lines of force. 


A 3587.10 3733-46 3743-51 3788.02 3805.67 3888.65 3558.68 3565.54 
0.494 0.049 0.656 0.510 0.277 0.252 
Normal 
Triplet. 


(6) Source of light viewed parallel to lines of force. 


AX 0.397 0.486 0.310 0.341 0.515 0.320 
Field (4)=28,000 c. g. s. units. 
Fic. 6.— PECULIAR IRON LINEs. 


excessively and rendered unsymmetrical—whether reversed or 
unreversed — being sharper on the violet side and shaded toward 
the red. Again, in general, the lines which show a small AX are, 
under pressure, symmetrical whether reversed or not. The 
exceptions are clear and unmistakable. 

(6) A study of the anomalous iron lines. 

Becquerel and Deslandres' have made quite an exhaustive 
study of those iron lines which do not appear as triplets or 
quadruplets of the ordinary type. I have studied these lines 
with care and made some measurements upon them. The con- 
clusions reached agree with those of Becquerel and Deslandres 
in all cases save one —that of line 3888.63. 


* Comptes Rendus, 127, 18-24, 1898. 
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The types appearing on my plates are most easily explained 
graphically, as given in Fig. 6. Tables Vla and VIb contain 
the measurements taken. 

Vertical vibrations or those perpendicular to the lines of force: 

3587.10 appears on all my plates as an indefinable band. 

3733-46 is a sharp triplet of inner component twice as strong 
as the two outer. 

3743-51 isaquintuplet. Of the two outermost components the 
red is the more intense. Between the two lies a band completely 
filling the gap, and this band is, on several plates, clearly marked 
by three very fine faint lines which appear to be separated by 
distances about equal to those components which are polarized 
inthe other plane (see below). These three fine lines appear of 
equal intensity. The red component of the strong doublet 
appears the more intense irrespective of the field —a fact which 
proves that the asymmetry is not due to the interference uf 
another line. Note the accompanying component’s asymmetry. 

3788.02 resembles 3743.51, but the two strong components 
are of equal intensity. 

3865.67 resembles 3733.46 exactly. 

3888.65 appears distinctly on several plates as two diffuse 
lines, the red being a trifle more intense. Becquerel and Des- 
landres describe this line as a characterless band instead of two 


diffuse lines. 
TABLE Via." 
Anomalous lines in the iron spectrum. 
AX, or the separation of the comporents whose vibrations are perpendicular to 
the lines of force. = 28,000. 


Plate A Intensity AAs | Mean AA, | SA (A, U.) 
345 3733-46 6 0.2290 0.2284 0.494 
350 33.46 6 .2278 ie ‘ 

345 43-51 7 . 2965 

350 43-51 7 3038 ‘orn 649 
345 $8.02 5 -656 
345 3865 .67 6 

350 65.67 6 2395 2360 -510 
350 88.65 6 877 


* Notation used similar to that of Table II. 
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TABLE VIb*. 
Anomalous lines 1n the iron spectrum. 
AX’, or the separation of the components whose vibrations are parallel to the 
lines of force. AH = 26,000. 


Plate A Intensity AA's Mean AA’, | AA’ (A, U.) 
351 3587.10 5 0.397 
345 3733-46 6 .486 
351 .02 5 .159 

345 88.02 5 .1558 0.1578 
351 3865.67 6 +2373 

345 65.67 6 |2390 .2382 
351 65 - 1490 

345 88.65 6 1483, | - 320 


Horizontal vibrations or those parallel to the lines of force: 

3587.10 is a doublet. 

3733-46 is a doublet whose components are separated (to 
within the error of observation) by a distance equal to the sepa- 
ration, AX, of the vibrations perpendicular to lines of force. 

3743-51 is asymmetrical as noted above, the two red com- 
ponents being of equal intensity and both stronger than the 
violet component. Note that AA = approximately 2 AX’. 

3788.02 is symmetrical but otherwise similar to 3743.51. 
Here again note that AN=approximately 2 An’. 

3863.67 is exactly similar to 3733.46. 

3888.65 is a sharp doublet of AA’>AX. Therefore 3888.65 
as a whole is of the form of an inverse quadruplet, AA being 
unusually diffuse. 

With regard to asymmetry, Zeeman? has, in weak fields 
verified to some extent Voigt’s3 theory. The only one of these 
lines which is given in Zeeman’s list is 3733.46. This in weak 
fields is said to show reversed asymmetry—the violet component 
is nearer the central component than is the red. Line 3743.51 
is not noted by Zeeman as unsymmetrical in the intensity of its 
components. 

* Limit of error in AX and AX’ about 0.01 A. U. 


2 Proceedings Royal Acad. Sci. Amsterdam, 2, 298-301, 1900. 
3 Ann. der Physik, 1, 376-388, February 1900. 
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All these variations are interesting, but at present mean little. 


They merely show that the mathematical and mechanical 
theories which have been advanced in explanation are too simple 
—the complexity of separation and polarization has not yet 
been accounted for.’ 

(c) The laws governing the separation of the iron lines. 
Becquerel and Deslandres have made the following statements : 

That the complexity of phenomena present in the iron spec- 
trum renders it difficult to form a law governing the separation 
of the different lines, but that the following general chracteristics 
are apparent: 

1. The separation in the ultra-violet is notably less than that 
in the blue, and the phenomenon appears a function of the wave- 
length, which increases with that variable. 

2. If a restricted region—that very rich in lines—be 
examined it appears that many anomalous separations and 
separations of very different magnitudes lie in the immediate 
neighborhood of the lines which are insensible to magnetic 
influence. If an effort is made to classify the separations as a 
function of the wave-length of the corresponding lines it is 
evident that ‘for the most part” they can be put in different 
classes such that for lines of neighboring wave-length the 
separation is proportional to the numbers I, 2, 3, 4.... . and 
that in one and the same class the separation varies as the square 
of the wave length. 

3. Again, for the lines which are divided into fine compo- 
nents or inversely polarized, AX and AX’ are for the same line, 
‘exactly proportional to I, 2, 3,4... .” 

4. The distribution of the separation in the spectrum as a 
function of the wave-length shows in general a sort of periodicity. 

The first statement is approximately true. The meaning of 
the second is not at all clear. No numerical data are given in 
their paper. The third statement is true for 3733.46, 3865.67, 
3743.51 and 3788.02. The fourth is not apparent from the 
measurements made on my plates. To settle this last point 

*See article by Lorentz, Proceedings Royal Acad. Sci., 1, 340-359, 1899. 
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TABLE VII. 
Plates 345 and 346. H = 28,000. 
Iron spectrum. Lines appearing as triplets. 
al I AA 10 I AA 10 
ntensity AA A Intensity aA X 10 
3565.54 Sr 0.252 198 28.09 7 0.533 345 
70.18 8 - 326 256 30.43 6 -532 345 
81.36 lor - 359 279 69.40 8 345 
3618.92 10 -245 187 97.52 4 .408 255 
31.64 be) 284 216 4005.40 8 -594 370 
48.00 9 -291 219 30.89 2n -464 286 
87.55 6 -471 348 33.24 I -748 460 
3709.40 6 -473 344 45.98 10 +473 289 
20.10 8 -393 284 63.75 10 .411 249 
27.78 6 478 344 71.92 10 -277 167 
35.01 10 -453 325 4118.72 5 - 406 240 
37-27 8 -371 266 32.24 8 .674 394 
48.41 7 -256 182 4144.06 7 -603 351 
49.64 Io -432 307 81.94 7 298 
58.39 8 -403 286 87.22 7 -611 348 
63.91 7 - 328 231 88.00 7 -599 342 
65.70 5 - 339 239 98.50 6 - §89 334 
95.15 6 - 508 353 99.27 8 -426 242 
98.68 6 -491 340 4208.73 2 +925 522 
99.70 7 - 487 338 19.51 6 458 257 
3813.12 5 -312 214 22.35 4 - 768 431 
15.99 9 .382 262 27.60 7 - 483 270 
3820.57 9 +425 291 33-74 6 -412 230 
24.58 7 + 504 345 36.09 8 .673 375 
26.04 9 -386 264 60.64 10 -676 372 
27.98 9 - 346 236 71.93 10 287 
34.38 8 -347 236 82.60 6 -544 297 
40.61 8 -261 177 99.43 7° -632 342 
41.21 8 -273 185 4308 .06 10 .480 259 
56.51 8 . 501 337 15.26 5 -813 437 
60.07 9 354 25.94 10 - 390 209 
86.41 8 -523 347 76.10 4 .652 333 
95.78 5 -516 340 83.71 10 -514 267 
99.84 6 .520 342 4404.94 10 -512 258 
3920.40 5 -532 347 15.29 8 -540 277 
23.05 6 -531 345 4528.80 6 - 569 277 


three plots were made by me from values of AA for lines 3565.54 
to 4528.80 as given in Table VII. As abscisse A, and as ordi- 

AA AA 
’ ’ 
variation of any of these three quantities with A was shown. 


nates, MA, respectively, were plotted. No periodic 


™) and AX expressed in Angstrém units. Wave-lengths and intensities as given 
by Exner and Haschek. The character of the lines is sharp. r means “easily 
reversed.” 
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The subject does not merit discussion. The only method 
which at the present time seems justifiable and productive of 
results is that which deals with homologous lines in the spectra 
of different elements or lines of the same series in the spectra of 
any one element. 

The following Tables VII and VIII explain themselves. One 
thing is certain. Becquerel and Deslandres are not justified in 
attempting to make a classification or formulate a law from data 
obtained with such a high field as used by them—namely, that 
of 35,000 c. g. s. units. From the curves of Figs. 3 to § it is 
apparent that AX does not increase proportionally with the field 
for all lines. The difference at 28,000 is considerable ; at 35,000 
it would be much greater. 


TABLE VIII 


Plates 345 and 346. H = 28,000. 
Iron Spectrum. Lines appearing as quadruplets.' 

A Intensity AA AX x 107° x 107° 
3705.73 6 -435 0.181 2.4 317 132 

22.73 6 -424 -279 1.5 307 200 
3872.65 6 -424 283 210 
87.18 5 -499 150 3-3 331 99 
3903.09 7 -412 .214 1.9 270 I4I 
4202.20 9 -494 .218 3.3 280 124 
94.32 6 .238 3.3 277 129 


Lines which are apparently unaffected : 


r 3588.68 | 3609.02 3767.32 | 3850.15 


Intensity 6 | 9 | 7 6 


3. The spectra of nickel and cobalt-—A search for peculiarities 
and for a possible law connecting the separation. 

Most of the work done with nickel and cobalt was confined 
to the first spectrum, owing to lack of brilliancy in the spectra 


* Separation of inner components given as AX’. 
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of these metals. This reduced very much the chances of the 
discovery of any peculiar lines, if such indeed exist. No law 
governing the separation is evident in either of these metals, 


AA AA, 
r =, with A apparent. 


nor is any periodic variation of AA, 1? 8 > 


TABLE 1Xa.? 
Plates 314, 319, 328, and 332. 


Nickel. Lines appearing as triplets. 
Plate Spectrum) Field A Intensity AA — 
H = 32,800 | H =32,800| A* 
314 I 32,740 |3391.21 6 0.0842 0.0844 0.365 318 
I I 2,740 .10 .0920 
328 I 32,800 |3414.90 8 -0938 .0938 . 406 348 
314 I 32,740 33-71 7 +0920 +0922 -399 339 
314 I 32,740 46.34 8 -0807 -0809 . 350 295 
314 I 32,740 | 52.98 7 0920 -0922 399 335 
319 I 32,500 61.78 8nr| .0875 
314 I 32,740 61.78 -0945 +0917 -397 330 
328 I 32,800 61.78 .0920 
314 I 32,740 72.68 .11I2 .482 401 
328 I 32,800 93.10 gnr| .0720 .0720 311 255 
314 I 32,740 |3501.00 6 .0850 -0852 . 368 301 
314 I 32,740 14.06 5 .0930 -0932 -403 327 
314 I 32,740 | 15.17| gmr| .0777 
328 I 32,800 15.17 -O715 .0785 - 339 275 
33° 2 53,490 .1677 
2 I 32,800 24. 1onr] .0992 
2 33,400 .1885 +0947 330 
328 I 32,800 | 66.50 gnr| .0725 -0725 «$23 246 
314 I 32,740 71.99 .0862 .0864 - 374 294 
314 I 32,740 |3610.60 4r 1112 .482 371 
314 I 32,740 19.52} Ionr] .og! 
332 2 33,400 | 19.52 - 390 
314 I 32,740 |3769.58 2 . 1320 .1322 -572 403 
314 I 2,740 75-73 -0974 296 
I I 32,740 .67 .1262 
I 32,500 83.67 1283 +1480 “554 387 
I I 32,500 |3807.30 8 1393 
314 I 32,740 | 07.30 1497 433 
314 I 2,740 58.40 gr . 1085 
328 I 32,800 55.40 .1085 . 1086 -470 315 
332 2 33,400 58.40 .2210 
319 I 32,500 |4401.70 9 -1573 . 1587 686 | 354 
319 I 32,500 59.21 9 .1560 -1574 681 | 342 


") as given in Exner and Haschek’s (spark spectrum) and Hasselberg’s (arc 
spectrum) tables. Wave-lengths on Rowland’s scale. Intensities as given above are 
taken from these two tables. n= nebulous; r = easily reversed. 
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From the following tables, IX to XI, it will be noted that 
for nickel the separation does not increase proportionally with 
the field, else —a as calculated for fields of different strength, 
would be approximately the same. This probably holds good in 
the case of cobalt also. 

In Tables IXa and XI, AQ, signifies AX in terms of the divid- 
ing engine screw, AA,, the mean separation in screw units for 
H = 32,800 as calculated from the values of AA, given for differ- 
ent fields, 32,500, 32,740, and 33,400. The calculation is 
based on the assumption that for the short intervals employed 
AX varies proportionally with H; and double weight is given to 
measurements made on plate No. 332, which was taken in the 
second spectrum. 


TABLE IXb. 
Plate 317. . AM =29,100. 
Nickel. Lines appearing as triplets. 
Spectrum A AA | Xx 
2 3775-71 | 0.384 269 
2 83.67 +503 352 
2 3807 . 30 . 584 403 
2 58.40 -422 290 
TABLE xX. 
. 
7) > 105 as calculated from fields of 32,800 and 29,100 c. g. s units. 
Nickel. 
A H = 32,800 H = 29,100 
3775-71 9.0 9-5 
83.67 11.8 12.1 
3807.30 13.2 13.9 
58.40 9.6 10.0 
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TABLE XL! 
First spectrum. Plates 321, 322, 323, 324, and 329. 
Cobalt. Lines appearing as triplets. 
AA (A. U.) | AA 

Plate Field A Intensity AAs | = X 

321 32,300 3521.70 6r 0.1363 0.1377 0.595 480 

321 32,300 3704.17 6 .1398 - 1412 .610 455 

329 32,800 3845.59 gn -1158 -1158 . 501 339 

321 32,500 73.25 gn .1208 .1220 355 

324 32,200 94.21 Ionr .0828 

329 32,800 94.21 .0925 382 252 

324 32,200 | 3933.32 +1235 

321 32,500 33.32 -1265 -548 354 

321 32,500 41.034 5 - 1676 . 1693 -732 471 

323 32,200 41.87 6 -1155 

322 32,500 41.87 1150 1169 325 

324 32,200 3969.25 5 .1308 

322 32,500 69.25 -1325 - 1335 -577 366 

329 32,800 69.25 . 1332 

322 32.500 | 4118.92 9 .1008 

321 32,500 18.92 . 1067 -1055 -456 269 

329 32,800 18.92 . 1069 

323 32,200 21.47 9 -1118 

322 32,500 21.47 .1133 

323 32,200 | 4225.28 3 - 1100 

324 32,200 25.28 - 1145 . 1167 .505 283 
32,500 25.28 1200 

322 32,500 4629.515 9 -2210 +2232 -965 450 


The nickel lines which appear unseparated are: 3423.80, 
3483.1," 3510.47, 3518.80, 3597.84. 
The values of AX in Tables IX to XI are correct to at least 
0.02 A. U. 
4. The Zeeman effect along the lines of force. 
Previous investigators in examining the Zeeman effect along 
the lines of force have used a pierced magnet pole. This ren- 
dered the field non-uniform and prevented 
> accurate measurement of its strength. To 
a obviate this a small total reflecting prism was 
used, as shown in the adjoining cut. Two 
images appear near the spectrometer slit, one giving the spec- 
trum along the lines of force, the other perpendicular to them. 


*Same notation as table IXa. A taken from Hasselberg’s table (arc spectrum). 
Wave-lengths on Rowland’s scale. 


?d as given by Liveing and Dewar. 
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The prism used was 12 mm long by 2 mm across its per- 
pendicular faces. The crystal was cut so as to have the optic 
axis parallel to one of the faces of the prism, and perpendicular 
to its edge. The prism was supported by a delicate adjustable 
framework bound to the pole-pieces of the magnet and a piece 
of fine microscopic cover glass protected it from the heat of the 
spark. Mica may be used when ultra-violet light is desired. 

The method proved a success. In one exposure during a 
period of 70 minutes, the images were alternately focused upon 
the slit and the shutter in the camera turned accordingly. The 
direct image was first used for 20 minutes; then the shutter was 
changed and the image which had passed through the small 
prism was employed for 30 minutes; then again the direct 
image for another 20 minutes.. The two 20-minute exposures 
were thus thrown on the edges of the photographic plate, the 
30-minute one on the center. Thus would be shown any change 


of field strength, which, indeed, was a highly improbable occur- 
rence. 


Table XII shows that within the limits of error of observa- 
tion, the separation of the external plane polarized components 
of the triplet is equal to that of the circularly polarized compo- 
nents of the doublet which is expressed by the symbol AA,,. 


TABLE XII. 
Zinc. H=18,760. 
Intensity 
Line and AA AA, AA-AA, 
character 


Zn 4680.38 Ior 0.703 0.700 + 0.003 


Zn 4722.26 Ior 0.614 0,607 + .007 
Zn 4810.71 0.422 0.425 — 

| 

5. The extension of Preston's law that constant for 
homologous lines of Kayser and Runge’s spectroscopic series. 

This part of the investigation has proved to be one of great 
interest, and promises even better results if continued under 
slightly better conditions, notably with a grating which is bright 
in the second or third spectrum. 
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The most brilliant lines, especially those of zinc and cadmium, 
and those of the best character as to symmetry and sharpness, 
have been repeatedly photographed by various investigators. 
Preston derived the law mentioned from results of experiments 
upon the zinc, cadmium, and magnesium lines whose wave- 
lengths are given approximately by putting » equal to 3 in 
Kayser and Runge’s formula, 

At =A+ Bn? + Cr, 

where A, B, and C are constants for any one element. It 
appeared of interest to investigate the homologous lines of the 
other metals eccurring in the second column of Mendelejeff’s 
chart—that is, of the metals mercury, calcium, strontium, and 
barium; and also to study the separation of the lines forming 
the first subordinate series. For barium, Kayser and Runge 
have found no series. Strontium has only the first subordinate. 
To obtain in a sharp and measurable form some of the diffuse 
and unsymmetrical lines of mercury and the diffuse though 
symmetrical lines of the first subordinate series of some of the 
members of this chemical group, is a matter of no little difficulty. 
Total failure has been the result in many cases. It has long 
been known that self-induction in the spark circuit tends to 
sharpen diffuse lines. This method has been used and’ has 
proved indispensable. A better method would be the use of a 
vacuum tube. This the author intends to try if later an oppor- 
tunity offers itself. 

In the following investigation the first question was one of 
the choice of field and magnetic gap. It was advisable to use a 
large current in the magnetizing coils, for the higher the point 
chosen in the magnetization curve the less will the field vary for 
a small given change in the current. Secondly, the gap musi 
be neither too large, else the field would be too weak and the 
lines of small separation would not be resolved; nor too small, 
else both the size of spark would be limited and consequently 
the exposures necessarily prolonged, and also the field would be 
so strong that the droop on the H—AA curve would enter to a too 
great degree. A current of 15 amperes in the coils and a gap 
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of 7 mm were chosen. This combination gave a field of about 
26,460 c. g. s. units; much too strong, but quite necessary to 
resolve some lines, notably Zz 3282.42 and Cd 3403.74. 

By referring to Fig. 2c it will be seen that zinc 4810.71 at 
H = 26,460 shows a separation of 0.53 A. U., while if AX increased 
proportionately with the field, its value would be 0.71 A. U. or 34 
per cent. greater. Lines homologous with zinc 4810.71 show a 
similar droop. This explains the discrepancies between Reése’s 
values (Table XV) and Preston’s and mine for the three lines— 
one each in cadmium, mercury, and magnesium—which are 
homologous with zinc 4810.71. Of the other lines investi- 
gated by me, it must be said that the characters of all the 
curves are not known. To obtain the variation of AA with 
the field for all would call for more labor than time at present 
permits. 

Tables XIVa and XIVb go together, the homologous lines 
occupying homologous positions. Table XIII contains the data 
on which are based the tables following it. Certain points should 
be noted relative to some of the lines given in this table. 

Cadmium 3252.63 was difficult to measure because of small 
intensity, but the value of the separation given is probably accu- 
rate to 5 per cent. 

Mercury 5460.97 and magnesium 5183.84 are unsymmetrical. 
The value of AA given for each represents the distance between 
the center of the symmetrical violet component and the most 
dense portion of the red component, which latter is sharp on the 
violet edge and shades off toward the red. Zinc 4810.71 is 
somewhat similar but the asymmetry is not so marked, while 
cadmium 5086.06 shows less, but still some asymmetry. These 
four lines are homologous. 

Strontium 4832.23 is also peculiar, but here the violet com- 
ponent is shaded toward the red, while the red component is 
symmetrical. Moreover, the violet component is more intense 
than the red. Strontium 4876.35 shows the same difference in 
intensity but both components are symmetrical. 


‘REESE, ASTROPHYSICAL JOURNAL, 12, 128, 1900. 
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TABLE XIII. 
H = 26,460. 
Metal Al AA x 
character a? 
Zn 4680. 38 Ior 0.959 0.438 
4722.26 .859 -394 
4810.71 -544 -235 
3282.42 8r .146 -135 
3303.03 8r -245 .225 
3345.62 8r -337 -201 
Ca 4678 . 37 Ior -947 -433 
4800.09 1or .8g0 . 386 
5086.06 1or -619 -239 
3252.63 8 bv 308 .291 
3403.74 10or .152 .131 
3467.76 8r -275 .228 
3613.04 8r -391 -299 
Hg 4046.78 6r -726 -442 
4358.56 Ior -738 - 388 
5460.97 1or -683 .229 
Meg 3838.44 1or -432 -293 
5167.55 8r 1.140 -427 
5172.87 ior 1.058 -374 
5183.84 0.643 -239 
Ca 4425.61 Ior -246 -125 
4435.86 8r -216 
4456.08 8r -594 .298 
Sr 4832.23 Ior -792 -339 
4876.35 8r -785 - 330 
Also approximately? ¢.,to 10 per cent.). 
Intensity 
Metal al and AA rot 
character 
Ca 6122.46 1or 1.50 0.400 
6162.46 1or 1.05 -274 


1. Kayser and Runge’s tables(arc spectrum). Wave-lengths, Rowland. r means 
“easily reversed ;” bv stands for “band with sharp edge toward the violet.” 
2. Lines faint, and so only approximate measurements were made. 


Magnesium 3838.44 is unsymmetrical in the same way as 
mercury 5460.97, but is probably correct to 0.01. 

The three calcium lines 6102.99, 6122.46, 6126.46, all strong 
lines visually, could not be obtained by the method used with 
other lines, although an “ Erythro”’ plate of the International 


Color-Photo Company was exposed to the radiation for four 
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hours. However, by throwing upon the upper terminal of the 
spark gap a continuous and rather large jet of a saturated solu- 
tion of calcium chloride 6122.46 and 6162.46 were obtained in 
measurable form after an exposure of about 90 minutes. 

The lines of the spectroscopic series which do not appear in 
Table XIII either could not be obtained because of (1) low 
intensity or (2) their position in the spectrum (below A 3300 or 
above A 5800), or could not be measured because of their diffuse 
character. Self-induction in the discharge circuit improved the 
condition of some lines and removed the air spectrum, but did 
not sufficiently narrow diffuse lines in all cases. 


The values of = in Table XIII are correct in general to 
o.o1 A. U. Probably, however, AX for zinc 3282.42 (also cad- 
mium 3403.74 and calcium 4425.61) is not so accurate. The 
separation is small and the measurement of such a line is made 
with difficulty. 

Table XV explains itself. Table XVI is taken from the mean 
values given in Table XV. _ Reese’s values of AX were obtained 


from the slope of the curves, and therefore no corrections are 


necessary in +7, Correcting my values for x = 3, in the second 


subordinate series, by adding 3, 3 and 34 per cent. respectively ; 
and treating the values for the three sets of lines for which = 4 
in the first subordinate series, and the one set for which = 4 in 
the second subordinate series in a similar manner, because they 
give H-AXd curves homologous to those given by the = 3, 
second subordinate sets ;* also, raising by 16 per cent. Preston’s 
mean value for the third set in » = 3, second subordinate series 
(see curve Fig. 2c) we obtain the results given in Table XVI. 
This table shows: 
AA . 

1. That Preston’s law, that yy is a constant for homolo- 
gous lines, established by him for the homologous lines of zinc, 
cadmium, and magnesium given by = 3 in the second subordi- 
nate series, appears to hold for the homo logous lines in mercury 
and cadmium. 


*This fact I have verified by experiment upon cadmium 3613.04 and cadmium 
4425.61. 
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TABLE XIVa. 


Lines of spectroscopic series investigated. 


First subordinate series Second subordinate series 
Metal 
n=4 n=3 n=4 
Zn | 3282.42 | 3303.03 | 3345.62 | 4680.38 | 4722.26 | 4810.71 | ......] | 
Cd | 3403.74 | 3467.76 | 3613.04 | 4678.37 | 400.09 | 5086.06| ......| ...... 3252.63 
6122.46 | 6162.46 | 4425.61 | 4435.86 | 4456.08 
TABLE XIVb. 


=a X10 or lines given in homologous positions in Table XIVa. 


First subordinate series Second subordinate series 
Metal 


in 135 225 301 438 394 235 


Cd 131 228 299 433 386 239 : 291 
Mg 293 427 374 239 
Ca Jae eu 400 274 125 216 298 


Sr 339 330 


2. That, within the limits of accuracy of measurement, O74 

is the same for homologous lines given by »=4q in both the sub- 
ordinate series for zinc, cadmium, mercury, magnesium, and cal- 


cium. This assumes that the lines not investigated show values 


of vay Which are the same as those investigated in each set — 


an assumption which is certainly not unjustifiable. 


3. That the average value of — obtained from Preston’s, 


Ar 
Reese’s, and my determinations—for the third set in m= 3, or 
(12+ 10.7+11.1) = 11.27, is so related to the average value 
of m=4 (as given in the same table, XVI) for the homolo- 
gous sets in both’subordinate series, or % (15.1 + 14.9) = 15.00, 
that (=z), 33:4; as %(11.27) = 3.76, while 4% 


(15.00) = 3.75. Thus, if we assume yey Proportional to <, 
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where ‘“‘e”’ is the amount of electricity carried by the particle of 
mass ‘‘m”’, we may say that the ratio of the charge to the mass 
of the particle varies directly with “” for the third set of lines 
in the second subordinate series where ‘“‘z”’ has either the value 


3 or 4. 


TABLE 
First subordinate Second subordinate 
n= 
n=3 
Metal 4 
ag nga Reese 2 Preston 3 
Mean 5.1) 8.6\11 6| (14.8 4-2) 8.2/1.2 
| 


1. Field 26,460. 

2. Reese’s values calculated from slope of curve on #7 diagrams. 

3. Approximate mean value given by Preston for the homologous lines of Zn, 
Cd, and Mg. H = 20,000. 


4. Calculated from data given by Reese. See his article before mentioned, - 


ASTROPHYSICAL JOURNAL, 12, 129, Sept. 1900. 

5. Excluding strontium, as it is irregular, and calcium, #3, the measurements 
of which are but approximate. Note that the calcium lines agree quite well with the 
homologous lines in Ca, Hg, and  g. 


TABLE XVI. 
105, corrected values 
2H 
First subordinate Second subordinate 
4 
Table XIVb Reese Preston 


| 
| | | ae 


| | 
8.8)15.1 4.8) 8.4/14.9 
| 4 
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(The first subordinate series shows no lines for m=3. The 
value 15.1 was averaged with 14.9 because of the probability of 
obtaining thus a more correct mean). 

4. That there appears to be no relation between sets I and 2, 
n= 4 and I and 2, or, taking total mean values, between 

16.9, 15.0 for #=3 and 
5.0, 8.6 

However, inasmuch as the wave-lengths of the three lines 
forming the spectroscopic triplet are so related to each other 
that, given that of one of them, the wave-lengths of the other 
two can be calculated, thus forming a connection between the 
members of the triplet, we would not expect that here again a 
relation would appear between the first, second, and third lines 
of the triplet in any one series, unless, indeed, it were a relation 
equivalent to that just mentioned, namely, the possibility of the 
calculation of the wave-lengths of the two lines of the triplet 
given that of any one. 

GENERAL SUMMARY. 

The most important results obtained in this investigation are 
briefly as follows: 

1. That for iron and nickel as well as zinc the Zeeman effect 
is not proportional to the field strength for high values of the 
latter. 

2. That the divisions of large and small pressure shift in the 
case of iron are not absolutely the same as those of large and 
small Zeeman separation. Of 34 lines investigated, 26, or about 
76 per cent., show both large pressure shift and large separation, 
or small pressure shift and small separation; while 8, or 24 per 
cent., show either small pressure shift and large separation, or 
large pressure shift and small separation. 

3. That there is apparently no simple law connecting the 
separation of the various lines in either iron, nickel, or cobalt. 


AA 
4. (a) That Preston’s law, ya constant, holds for the 


homologous lines given by »=3 for mercury and calcium as well 
as zinc, cadmium, and magnesium. (0) That Preston’s law also 
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holds for the homologous lines given by »=4 in doth the sub- 
ordinate series of zinc, cadmium, magnesium, and calcium. (c) 
That the ratio of the charge carried to the mass of the particle 
carrying it varies directly as ‘‘m”’ for the third set of lines in the 
second subordinate series, when ‘‘m’’ has the value either 3 or 4. 
This, of course, assumes that the ratio of charge to mass varies 
Ar 

In this investigation the author was assisted at various times 
by Messrs. J. H. Moore, J. E. Routh, R. E. Loving, G. W. 
Middlekauff, J. T. Barrett, and W. J. Crist. 

In conclusion I wish to acknowledge the debt I owe to 
Professors H. A. Rowland and J. S. Ames for their valuable 
advice and encouragement. 
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ON THE MOTION OF a PERSEJ IN THE LINE OF 
SIGHT." 
By H. C. VOGEL. 

In Monthly Notices, Vol. LXI, No. 1, Mr. Newall, of Cam- 
bridge, England, calls attention to the fact that the velocity of 
a Perset in the line of sight, as deduced from observations on 
eleven evenings in September and October 1900, and three 
evenings in October 1899, varies from —4km to +8km, and he 
suspects a period of variability of 4.2 or 16.8 days. Since the 
Cambridge weather conditions in winter do not admit of con- 
tinuous observations, Mr. Newall requests that the motion of the 
star be observed elsewhere. His observations were made with a 
new four-prism spectrograph of powerful dispersion attached to 
his large refractor of 63 cm aperture. 

According to the data given on p. 12 of the above mentioned 
article, a difference in wave-length of 0.6mm on the spectro- 
grams obtained last year corresponds to a linear distance of 
Imm, and a displacement of this amount to a velocity of 400 
km. Nothing more definite is said as to the line to which these 
values refer; it is, however, clear from the above that the scale 
of the plates is very considerable, and about double that of the 
Mills spectrograph of the Lick Observatory or of the new spec- 
trograph for the great Potsdam refractor.’ 

In view of our unfavorable conditions at Potsdam as regards 
steadiness of air, which of late years have been quite unusual, I 
had early arrived at the conclusion that spectrographic work 
with the large refractor would make but slow progress under 
further continuance of such state of air. Accordingly, toward 
the close of the year 1899 I designed a spectrograph for our 
excellent photographic short-focus refractor of 32cm aperture 
and 3.44m focal length, which was constructed by Toepfer of 
Potsdam and completed in the spring of 1900. Inthe course of 


* Translated from author’s proofs f rom Sitzungsberichte der k. Akad. zu Berlin. 
Session of Jan. 17, Igo. 


2See my summary in ASTROPHYSICAL JOURNAL, 11, 399, 1900. 
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the summer it was subjected to an exceedingly thorough investi- 
gation and carefully corrected by Dr. Eberhard according to the 
method given by Dr. Hartmann." 

The triple collimator objective has a focal length of 30cm; 
the camera objective, which is also triple, a focal length of 35 cm. 
The three prisms give a spectrum which is measurable and uni- 
formly sharp between A 4120 and A 4420, the extent of this sec- 
tion of spectrum being 20mm. At the center (A 4250) a linear 
displacement of 0.25 mm (1 rev. of the screw of the measuring 
machine) corresponds to a motion of 261 km; at Hy (A 4340) 
the same displacement corresponds to 291 km. The instrument 
gives only about two fifths of the linear extent of Newall’s appa- 
ratus. The spectrograph is enclosed in a case which is provided 
with means for maintaining the temperature constant to within 
of 1C. 

With this instrument Dr. Eberhard made photographs of the 
spectrum of a Persei on six nights (1900, Nov. 3, 5, 6, 8, 9, and 
15), and four of these plates (Nov. 3, 5,6, and g) I measured in 
order to test the utility and efficiency of the apparatus for its 
proper purpose, as it had, previously been investigated almost 
wholly in the laboratory. The spectra were good, and the 
measures of the four plates gave no deviations which would have 
allowed us to infer variations of motion of more than 2km. 
The observations were, however, affected with one error which 
had its cause in a slight mechanical imperfection in the instru- 
ment that could not be observed in the laboratory investigations. 
After the correction of this defect and a further test of the appa- 
ratus by Dr. Eberhard, I regarded the instrument suitable to 
continue the observations by Newall, which had been published 
in the meantime. 

The first two photographs in the list given below were made 
by Dr. Eberhard; the others by Dr. Ludendorff. The measure- 
ment of the spectrograms I undertook myself ; it consists solely 
in the determination of the differences between the lines of the 
Fe spectrum and the corresponding lines of the star spectrum, 


* Zeitschrift fiir [nstrumentenkunde, 1900; ASTROPHYSICAL JOURNAL, 11, 400; 
12, 30, 1900. 
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and the number of lines compared in the several spectra varies 
from 14 to 21. Although the spectrum of the star is to be 
classed among those with few lines, since, strictly speaking, it 
does not belong to spectral class Ila, but forms the transition 
from class Ia, to Ila, still 140 to 150 lines upon the better 
photographs are to be counted between A4IIg and A4q44I5; 
most of these lines, moreover, are extraordinarily sharp, owing 
to the fact that the slit width in the photographs of a Persei 
amounted to but 0.015mm. Consequently, the spectra admits of 
a far more rigorous treatment than I at first undertook at this 
point. The final results, therefore, may still receive slight 
changes, which, indeed, would arise on measuring the displace- 
ment of the same lines in reference to the comparison spectrum 
in the reversed position of the spectrogram under the micro- 
scope. My measurements have been in but one direction, that 
in which increasing readings upon the screw of the measuring 
instrument correspond to greater wave-lengths. The changes 
mentioned have, however, no significance as regards the proof of 
a possible variation in the velocity, of the amount mentioned at 
the beginning of this article, and the observations are accord- 
ingly to be regarded as provisional only so far as the absolute 
amount of the star’s motion in the line of sight is concerned. 


OBSERVATIONS OF a PERSEI. 


Date Potsdam |Temperature| Number | Velocityin | Reduction | Velocity in 
1g00-1g01 Mean Time | Centigrade | of plate | ref. to Earth to © ref, to © 
7» 56™ | + 5°4 416 |+ 7.8km|— 9.4km| —1.6km 
Baas os. Saran 7 11 + 5.7 417 + 6.2 — 9.8 —3.6 
+ 3.8 419 +10.6 —12.2 —1.6 
9 17 5.0 420 |+ 9.3 —12.7 —3.4 
5 21 4-7 421 +10.2 —13.0 —2.8 
— 5.9 422 |+12.4 —16.8 —4.4 
— 9.3 424 = |-+13.4 —17.2 —3.8 
5 10 —10.0 426 = |-+-12.6 —17.5 —4.9 
— 9.4 427. |+14.4 —17.8 —3.4 
4 55 — 9.2 429 |-++-13.8 —18.2 —4.4 
§ 18 | — 3.3 432 |+16.6 |—19.4 —2.8 
Micakeaneys' 6 32 | — 2.8 433. |+16.9 |—19.5 —2.6 
—3.22 
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The spectrograms are almost without exception to be 
described as very good. In plate 417, however, the star spectrum 
is rather weak, and hence the measures are slightly less accu- 
rate. Morever, in plate 420 the Fe spectrum, and in plate 422 
both the star and the Fe spectra are somewhat weak. In plate 
426 the star lines are rather broad. 

The preceding observations furnish no confirmation of New- 
all’s results, since the largest deviations of the values obtained 
for the several evenings from the mean value are but —1.6km 
and + 1.7 km—deviations which. may permissibly occur with the 
degree of accuracy attained in these observations. The probable 
error of a determination of the displacement between a line in 
the star and a line in the comparison spectrum varies between 
+1.2km and +2.2km for the different plates. Consequently 
the probable error of the mean value obtained from the meas- 
ures of a plate would amount to from +0.3km to +0.6 km. 
Experience shows it to be somewhat larger, and in the above 
case, as derived from the deviations of the values of the several 
plates, it amounts to +0.69 km. 

As I have already said, my results for the absolute value of 
the velocity of a Persei in the line of sight are as yet not to be 
considered definitive. Their close agreement with Campbell’s 
observations, viz, 


1896 Nov. II - - - - —2.0km 
- - - —1.8 
1898 July 12 - - - - — 2.1 
— 2.4 km 


is, however, worthy of note, and may well vouch for the invari- 
ability of the star’s motion within narrow limits. 
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THE SPECTROSCOPIC BINARY M/ZAR. 
By H. C. VOGEL. 


SHORTLY before 1890 photographic plates of the spectrum of 
Mizar (¢ Ursae Majoris) obtained at the Harvard College 
Observatory showed the brighter component of this well-known 
double star to be itself a binary, and from the extensive observa- 
tional data’ it was also inferred that both of these components 
are bright, and give spectra belonging to Class I. The motion 
of the components is shown by an occasional brief doubling of 
the spectral lines which occurs with fair regularity at intervals of 
fifty-two days, and the displacements of these lines give a maxi- 
mum relative velocity of the two bodies of about 100 miles 
(160 km). According to Pickering? the assumption of a 
strongly eccentric orbit, with a major axis nearly perpendicular 
to the line of sight, agrees well with the observations. Conse- 
quently, only at the time of periastron, once in every 104 days, 
would the components of motion in the line of sight attain a 
sufficient value to allow of the separation of the lines of the 
composite spectrum formed by the overlying spectra of the two 
bodies. At apastron, in consequence of the slight orbital 
velocity, the lines would merely appear diffuse or considerably 
broadened. The Cambridge observations, however, show vari- 
ous irregularities to exist, so that up to the present time the 
relations in the system are to be regarded as not yet entirely 
explained. 

The Potsdam observations of 1889 and 1890 are too few in 
number and too far apart in time to contribute toward the settle- 
ment of the question. Such is far from being the case, however, 
with the very excellent plates of this interesting double star 

* Translated, at the author’s request, from Sitsungsherichte der k. Akad. zu Berlin. 
Session of May 2. 

?One hundred and thirteen photographs, eighty evenings of observation. 

3 Monthly Notices, R. A. S, 50, 297. 
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secured in March and April of the present year by Dr. Eberhard 
and Dr. Ludendorff with spectrograph IV of the 33cm refractor. 
I have undertaken the measurement of these plates myself, and 
make the following preliminary announcements of the results, 
which are in complete contradiction to the previous views as to 
the system. 

It is to be noted of the spectra themselves that they have 
few lines (Class Ia 2); at the time when the spectral lines of the 
two components nearly coincide, however, several of the strongest 
lines of the Fe spectrum and of a few other elements (as Sz) 
in the part of the spectrum investigated (A4120 to 4500) 
appear as delicate lines, in addition to the broad Hy and the 
strong Mg line at \ 4481 which is always present. Thus on plate 
602, obtained April 27, sixty-five lines are easily recognizable. 
When the spectra are more strongly displaced with reference to 
one another, most of the lines, which then appear double, 
become so weak that the measurement of their separation is 
rendered very difficult. On some plates, in fact, it was found 
possible to measure only the Mg line 44481; especially good 
plates admitted of the measurement of some Fe lines as well, 
and, in case of exceptionally wide displacement, of Ay also. It 
is to be noted that the fine lines of the spectra of Class Ia 2 are 
only obtained when the exposure time is exactly correct, and 
the plate is carefully developed. In general, the measures are 
to be classed as difficult, either on account of the excessive 
fineness or, in case of the M/g and H lines, on account of the too 
great breadth and diffuseness of the lines. 

On several plates the Mg lines appear of unequal breadth, 
and I have endeavored to see whether I could observe a change 
in their behavior after a coincidence *’—as I succeeded in doing 
in the case of 8 Aurigae, in which, as is well known, a periodic 
doubling of the spectral lines occurs, but up to the present time 
I have arrived at no accordant results. I do not, however, con- 
sider it as impossible that a larger number of observations would 
give certainty on this point. 

* Publicationen des Astrophysikalischen Observatorium, Bd. VII, p. 143. 
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Date of Relative motion 

cade 8 8 556 93 
ik «vied ee 000s II 12 561 23 
8 24 570 33 

ees "9 7 573 73: 
8 30 577 109 
18.. ; 8 24 578 32 
8 20 589 III 


Measures of the motions of the system in the line of sight 
have also been secured upon plates in which the lines cannot be 
recognized as double. These, however, are of no great accu- 
racy, since the distances between the individual lines of the star 
spectrum and the corresponding lines of the Fe spectrum exhibit 
greater variations than is to be expected upon plates made with 
this excellent apparatus. The reason for this may lie in the fact 
that with incomplete coincidence of the spectra the components 
of the different pairs of lines do not possess the same differences 
of intensity: thus, if in one of the apparently single lines the com- 
ponent lying toward the red were the stronger, and in another that 
lying toward the violet, a different estimate of the center would 
be formed in the two cases. Finally, in order to be able to draw 
some conclusion as to the ratio of the masses of the two bodies, 
I have tried to see whether a displacement of the centers of the 
pairs of lines in reference to the corresponding lines of the com- 
parison spectrum occurs at the different phases when allowance 
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is made for the motion of the system in the line of sight. The 
material so far secured has, however, proved insufficient for this 
investigation. The observation of the star will be continued 
with a view to detecting relations of this sort, but especially to 
determining the period accurately enough to establish a con- 
nection with the earlier observations. 

The motion of the system according to my measures amounts 
to —16km per second. 

I have drawn in the figure the curve which agrees best with 
the results of the measures, the period used being 20.6 days. 
The observations of the first period are represented by points; 
those of the second period carried back to the first by small 
circles; while the points carried over from the first period to the 
section of the second period included in the drawing are denoted 
by crosses. The following provisional elements have been com- 
puted from the curve by Dr. Eberhard according to the method 
of Lehmann-Filhés,* on the assumption: P=20.6 days, A= 
128km, B=156km, A and B being the maximum relative 
intensities in the line of sight. 

T,=1901 March 28.60 (Relative motion in line of sight=o) 
T =1901 March 28.88 
=101°3 
=0.502 
log w= 9.4843 
m=17°476 
@ sin 7= 35 million kilometers 


49 
m+ Mm, = 


A curve computed from these elements agrees well with that 
drawn directly from the observations. 


1A. N., 136, 17, 1894. 
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STANDARD LINES IN THE ARC SPECTRUM OF 
IRON. 
By H. KAYSER. 


THE only really reliable method of determining wave-lengths 
is by producing in the spectrum under investigation a number of 
lines whose wave-lengths are accurately known. If we were 
reducing a photograph taken with a concave grating—hence a 
normal spectrum—a linear interpolation between two known 
lines at the end of the portion of spectrum would furnish approxi- 
mate wave-lengths of the unknown lines intervening. But the 
spectrum is neither perfectly normal, nor is the measuring 
apparatus free from errors; and, moreover, there are errors in 
the standards themselves and in the. settings made upon them. 
Hence a much greater accuracy is secured if we have at our dis- 
posal a greater number of standards between the terminal lines. 
The differences are then taken between the known wave-lengths 
of the standards and the wave-lengths computed from the termi- 
nal lines, and a curve is obtained by the method of least squares, 
or better graphically, which, instead of a straight line, best fits 
the measurements of the known lines. The measurements of 
the unknown lines are then corrected accordingly. 

It is evidently desirable to have a large number of standards. 

If the spectra are to be produced in the arc, iron lines are 
most convenient as standards, since the carbons contain so much 
iron that a large number of the principal lines will appear of 
themselves, and, if desired, some salt of iron, or the metal itself, 
may be introduced into the arc. 

The basis of all determinations of wave-lengths for a long 
time to come will doubtless be Rowland’s table,? which was 
obtained by the method of coincidences. It also includes many 
lines of the arc-spectrum of iron, but these are unfortunately not 

* Annalen der Physik (4), 3, 1900. 

* Phil. Mag. (5), 36, 49-75, 1893. 
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sufficient in number in all parts of the spectrum. The table 
gives the following number of such lines per hundred units 
from 22300 on, in the direction of greater wave-lengths; 8, 
23. 3. 3, 9. 22, 88,23, 7. 4. Beyond 
4000 the number becomes still less, and there are almost 
none beyond A 4500. 

Hence there is a pressing need of further measurements of 
the iron spectrum having an accuracy equal to that of Rowland’s 
standards. 

In beginning our investigations on the arc-spectra of the 
elements* Professor Runge and I accordingly first determined 
the iron spectrum. As Rowland’s table had not then been pub- 
lished we had insufficient auxiliaries ; and as they were our first 
measures, for which we thought we could be content with an 
accuracy of 0.1 tenth-meter, they did not turn out particularly 
well, and today they are entirely inadequate. Beside this, they 
were based upon a different value for the D lines than that later 
adopted by Rowland. Hence Runge and I later published a 
short list? of new measures on which our subsequent publications 
were based. 

The accuracy of all measurements has meanwhile increased 
very considerably, and a limit of error of only a few thousandths 
of a tenth-meter is well attainable for sharp lines. I therefore 
undertook a new measurement of the iron spectrum for my 
determination of the spectra of the platinum group.’ I have 
now made still another set of measures and I believe I have 
reached the limit of accuracy attainable with Rowland gratings, 
viz., for all lines a mean error of at most 0.003 tenth-meter. 

My measures depend exclusively upon Rowland’s standards, 
but in addition to his iron standards those of other elements 
have been employed, Mi, Co, Mn, Ti, Mg, Ca, Sr, Zn, In, Ba, etc., 
being introduced into the iron arc. It was thus possible to 
obtain a sufficient accuracy in those portions, as from 3200 to 

' Sitzungsberichte der k. Akad. d. Wissenschaft zu Berlin, 1888. 


* [bid., 1890. Also Wied. Ann., 41, 302, 1890. 
3 Jbid., 1897. 
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X 3500, where Rowland’s iron standards are absolutely inade- 
quate. The standards are exclusively from the arc-spectrum, 
however, and never from the solar spectrum, for reasons presently 
to be mentioned. 

It was Rowland’s opinion that the error of none of his stand- 
ards would exceed 0.01 tenth-meter. I believe, however, that it 
is larger in a very few instances, and such cases will be found 
on comparing my list with Rowland's. On the whole I think my 
values are more accurate than his, since the errors will balance 
each other in the large number of measures. Every wave-length 
in the following table is the mean of from six to fifteen determi- 
nations, on photographs made in different years and with three 
different gratings in different orders. The mean error lies 
between 0.001 and 0.003 tenth-meter. 

This work might be thought superfluous, as Rowland has also 
published the wave-lengths of all the iron lines in his list of 
Fraunhofer lines. We must not forget, however, that with the 
accuracy aimed at here the wave-lengths of the solar lines are 
by no means to be regarded as identical with those of the same 
lines in the arc. A glance at Rowland’s table shows what 
differences may occur for the two cases, even exceeding 0.2 
tenth-meter. It appears, moreover, from the early observations 
of Lockyer on the varied displacements and distortions of the lines 
of the same element in Sun-spots, and from Jewell’s observations, 
as if the different lines of iron, for instance, originated in differ- 
ent layers of the solar atmosphere where different conditions of 
pressure prevail. It is then entirely unpermissible to employ 
the wave-lengths of the solar spectrum for terrestrial spectra. 
For this reason I have not taken any solar lines from Rowland’s 
table of standards. 

The region near 3400 offers special difficulties. Rowland 
has two standards near A 3306, then follow one at 3389, two at 
3406, one at 3427, and several from 3440 on. In my opinion 
the standards at A 3389, 3406, and 3427 are all given a value too 
large by 0.02 to 0.03 tenth-meter. My correction curves depend- 
ing on these lines always showed a quite impossible bend at 
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A 3400, so that I was finally compelled to omit these standards. 
That I hit upon the right thing in so doing is rendered probable 
by the fact that the values I obtained for these lines agree well 
with Rowland’s determinations in the solar spectrum. 

The following table gives a number of iron lines entirely 
sufficient for the purpose of interpolation in the region of spec- 
trum between A 2300 and 4500 photographable with ordinary 
plates. Those lines have been chosen which appear most readily 
and at the same time are as sharp as possible, hence the most 
easily reversible lines. The intensities depend upon quite rough 
estimates, and range from 1 for the faintest to 10 for the strong- 
est lines. yr indicates that the line easily shows a self-reversal, 
u that its edges are not sharp. Rowland’s standards in the arc- 
spectrum, and in some few cases in the solar spectrum, are added 
for comparison. 

In the later photographs and computations I have been 
assisted by Dr. H. Konen. 


Wave-length; I. Rowland ||Wave-length| I. Rowland Wave length; I. Rowland 
43.567 | 3 2343-571 | ar} 
47-808 | 4r 2447-785 18.198 | 8r 2518.188 
64.904 | 2 2364.897 pean 22.950 | 207 2522.948 
62.740 | lor 2462.743 27.525 | 107 2527-530 
82.114 | 77 | 2382.122 OF 
83.324 | 3 peesaes 72.976 | 1or 2472.974 35.699 | 6r 2535.699 
88.711 | 2 2388.710 79.872 | lor 2479.871 41.064 | 8r 2541.058 
83.361 | 207 2483.359 42.192 | 5r 
2399.322 | 5r 2399.328 84.280 | 8r 2484.283 46.072 | 1or 2546.068 
OFT <3 49-708 | 8r | 2549.704 
04.969 | 57 2404.971 88.232 | Ior 2488.238 
06.742 | 57 2406.743 89.844 | 8r 2489.838 
10.601 | 57” 2410.604 90.737 | lor 2490.723 | 
OF 2491.249 | lor 2491.244 || 2567.001 
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Wave-length| I. Rowland ||Wave-length| I. Rowland ||/Wave-length| I. Rowland 
50.238 | 107 2750.237 73.306 | 5r 2973-358 
56.412 | 47 2756.427 81.565 | 77 | 2981.575 
85.964 | 3 2585.963 61.883 | 57 2761.876 87.410 | 4 2987.410 
98.456 | Sr 2598.460 68.621 | 57 2768.630 94.554 | lor 2994.457 
99.483 | 5r 2599-494 72.205 | 8r 2772.206 || 2999.630 | 8r 2999.632 
2599-663 | 4r 78.327 | 2778.340 || 3001.068 | Ior 3001.070 
2606.920 | 37 |. c-eeee 81.936 | 3 2781.945 07.262 | 2 3007.260 
OF-355 | 88.207 | lor 2788.201 07.409 | 2r 3007.408 
11.963 | 57 2611.965 03.254 | 8r 3008.255 
13-914 | 4r 09.690 | 4r 3009.696 
59-9081 OF] 16.305 | 3 3016.296 
20-490 | 9 | coesns’s 13.391 | 87 | 2813.388 19.105 | 4 3019.109 
23-627 | | 27668 3 20.619 | 47 3020.611 
25-754 | Sr] cececes 23.382 | 57 2823.389 20.764 | lor 3020.759 
28.363 | 25.660 | 67 | 2825.667 21.194 | 107 | 3021.191 
31-139 | 57 2631.125 24.153 | 37 3024.154 
a ae 32.543 | 8r 2832.545 25.960 | 8r 3025.958 
38.231 | 37 28 38.226 37.505 | lor 3037.505 

ees 51.910 | 57 2851.904 51.179 | 3 3051.173 
73-315 | 2 57.562 | 8r 3057-557 
79-148 | 8r 2679.148 63.973 | 3 errr 59.202 | Ior 3059.200 
90-153 | 2 | cesses. rer 
2706.672 | 4r 2706.684 83.853 | 57 3083.849 
14-603 | 3 3095.013 | 2 3095.003 
19.121 | 107 2719.119 || 2901.496 | 3 | «eee. 00.418 | 47 3100.415 
20.997 | 107 2720.989 00.778 | 4r 3100.779 
23.671 | 8r | 2723.668 12.273 | 87 | 20912.275 
33-078 | 8r 2733-972 29.119 | 87 2929.127 
35-§66. | Br]. 37-030 | 107 2937.020 
42.506 | lor 2742-485 54-061 | 97 2954.058 
40-363 1 | 57-484 | 97 2957.485 
44-624 | OF 1 65.379 | 97 2965.381 
2746.580 | 47 2970.227 | 107 1} | 00% 
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Wave-length| I, Rowland Wave length) I, Rowland Wave-length| I. Rowland 
3399.468 | 7 12.242 | 2 3612.237 
3406.602, 17.944 | 3617.939 
06.578 | 2 in Sun 18.918 | 7r 3618.922 
3406.572 22.158 | 5 3622.161 
ney oe 06.938 | 4 in Sun 31.617 | 6r 3631.616 
05.513 | 8 47.997 | 77 3647.995 
14.158 | 10 3214.152 27.263 | § in Sun Se eee 
22.187 | 107 3222.197 40.762 | 3440.756 
25.905 | 107 | 3225.907 41.138 | 87 | 3440.135 
28.379 | 3 spin bee 44.025 | 7r 3444.024 80.062 | 47 3680.064 
48.332 | 5 ‘ 66.006 | 57 | 3466.010 05.714 | 4% | 3705.715 
53-043 | 3 07.199 | 3 3707.201 
75-600 | 67 | 3475.602 20.083 | 107 | 3720.082 
71.129 | 5 ‘ 76.850 | 6r 3476.848 22.710 | 67 3722.712 
84.720 | 3 27.769 | 57 3727.768 
86.884 | 7 90.721 | 67 | 3490.724 
92.721 | 5 |  «eeese- 3497-989 | 57 | 3497-991 32.541 | 5 3732-549 
3306.106 | 7 3306.119 35.016 | 97 3735.012 
06.479 | 7 3306.481 37-278 | 8r 3737.280 
13-974 | 5 3513.981 45.710 | 77 3745-708 
25.589 | 3 are 21.415 | 57 | 3521.409 48.409 | 77 3748.410 
os 49.634 | 87 3749.633 
37-793 | 4 58.381 | 87 3758.380 
40.287 | 2 70.452 | 2 
58.672 | 57 | 3558.674 88.031 | 3788.029 
70.257 | 8r 3570.253 95.149 | 87 | 3795.148 
3389.884 || 3605.619 | 4 3605.621 15.987 | 87 | 3815.984 
3606.836 | 4 3606.8 36 20.573 | 97 3820.566 
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STANDARD IRON LINES 335 
Wave-length| I. Rowland Wave-length| I. Rowland || Wave-length), I. Rowland 
26.028 | 8r | 3826.024 50.299 | 8 4250.300 
27.967 | 77 3827.973 50.948 | 8 4250.949 
33-463 | 3 60.656 | 9 4260.647 
40.586 | 77 | 3840.589 4271.920, 
45-978 | lor 4045.975 71.933 | in Sun 
60.054 | lor 3860.050 63-755 | lor | 4063.755 
06.624 | 6 ove §2.910 | 5 4352.908 
16.880 | 47 3916.886 75.7001 § 69.954 | 5 4369.948 
28.073 | 57 | 3928.060 || 4199.256 | 6 4199.257 || 4404.929 | 8 4404.928 
4202.187, 15.301 | 8 4415.298 
41.032 | 4 3941.034 || 4202.195 | 8 in Sun 1 
22.387 | 5 in Sun 61.838 | 5 
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OBSERVATIONS OF THE BRIGHTNESS OF NOVA 
PERSEI. 
By GEORGE C. Comstock and JOEL STEBBINS. 

TueE following comparisons of the brightness of Nova Persei 
with surrounding stars have been made by the method of Arge- 
lander, and in their reduction the magnitudes of the comparison 
stars have been taken from the column heading ‘H. P.” in 
Hagen’s First Chart and Catalogue for Observing Nova Perset. 
An opera glass has been used in making the larger part of the 
comparisons, but a few of the earlier ones were made with the 
naked eye. 

Each observer has made his estimates quite independently 
of the other, but the observations have been continuously com- 
pared one with another, so that there has probably been pro- 
duced in the later observations some tendency toward an 
artificial agreement in the estimates. Each observer has deter- 
mined his light scale, value of one grade, from all of his own 
observations suitable for that purpose, excluding comparison 
stars where the estimated difference of brightness was less than 
three grades. We find for C,1 grade = 0.12 magnitude and for 
S, 1 grade = 0.10 magnitude. From an examination of the resid- 
uals furnished by simultaneous comparisons of the Nova with 
different stars, the probable error of a single comparison is found 
to be aproximately 0.1 magnitude. 

In the following table the ova is represented by the letter 
N, and, save in the case of A/dedaran, all comparison stars are 
to be supposed to have the word “‘Persez’’ printed after the letter 
or number by which they are designated. The letters “SS” in 
the last column indicate that the estimate by S was made, not 
in grades, but in fractional parts of the total interval between 
the comparison stars. For example, «, 1, V,2,¢0.... SS, 
means than in respect of brightness V was one third of the way 
from «toa. The hour at which the observation was made is 
expressed in Central Standard time, 7. ¢., six hours slower than 


Greenwich mean time. 
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GEORGE C. COMSTOCK AND JOEL STEBBINS 337 
1901 Hour Comparison Mag Obs. | 1901 Hour Comparison Mag.| Obs. 
Feb. 24 |11.0| MN Aldebaran |1.1|C |! April 2 | 8.0 N, 36 5-3|S 
26 | 7.0| Aldebaran,6 N 2 | 8.0 30,1, V 5.5|58 
26 | 7.0 N, 3,4 2| 80 x, 2,1,1,NM 5.6|SS 
27|— N,«a 30, 2, V 5.6;C 
27 N, 3,8 2.0; C 3 | 9.0 N, 36 5.3 S 
28 | — N, 1,4 1.8; C 3] 9.0 30,1, V 5.5|S 
Mar. 3 | 9.0 NB 2.4|C 8 | 9.0 (xo) 
3 | 9.0 N (ae) 2.4|C 8 | 9.0 vy, 2,N 
4 | 7.0 B, 2, NV 2.6|C 9 | 8.0 N,2,¢ 
4 | 7.0 N, 4, 6 9 | 8.0 Ny 4.2/C 
6 | 7.3 6,2, NV 3-3) C Io | 8.0 30,1, V 
6 | 7.3 N, 3-4) C 14 | 9.0 N, 36 5.3,S 
Ir | 6.7 N, « 4-1;C 14 | 9.0 30,1, 5.5/8 
15 | 7.0 14 | 9.0 |4,1,B.D.+45°,811/ 5.5 |S 
15 | 8.7 (vx), 4.1;C 14 |10.0 30,2, V 5.6/C 
16 | — N, 2, (vk) 3-8) C 14 |10.0 N, I, 36 §.2;C 
17|— N, 2, (v«) 3.8) C 15 | 8.2 30,2, 5.6/8 
20 | 9.0 N, 3. ¥ 3-5|C 15 | 8.2 |4,1,B.D.+-45°,811| S 
20 | 9.6 3.1]; C 15 | 8.2 36,1, V 5.4|S 
21 | 8.2 5.1|S I5 | 85 30, 2, V 
21 | 9.2 k,5,V 4-7|C 15 | WN, 36 §-3;C 
21 | 9.2 N, 2,¢ 4.3/C 18 | 9.0 v, 1, N, 2,1 4.3| SS a 
21 | 9.2 MN, 2,1 4.81% Ig | 8.8 N, (36, 30) 5.4|S . > 
22 | 7.2 N,1,¢ 20 | 8.7 36,1, NV 5.4/C 
22.| 7.2 N, 3,1 4.7|C 20 | 8.7 30, 2, V 5.6;C Z 
438.1 2.5 N, ¢ 4-5|S 20; — 36,1,NM 5.4|S8 
22 | 7.5 NX, (« 1) 20 | — 5.5|S 
22 | 9.0 XN, (v1) 4-5|5 20 | — 30, 3, V 5.7'58 
22 | 9.0 x,1,N,2¢ 4.2|SS 22 |10.0 N 1)* 4-5|S 
22 | 9.0 N,1,¢ 4.1/8 23 | 82 x, 2, V* 4.3)C 
22 | 9.2 x, 2, V 23 | 8.2 N,1,¥* 4.1|C 
a7 1 3.3 N,é 4.1/8 23 | 9.0 v, 2, V* 
27 | 7.3 N,+ 4.2|5 24 | 8.2 XN, 30 5.4|C 
27 | 7:3) (vx), | 4.1} SS 24 | 8.2 36,2,N 5:5)C 
27 | 8.5 N,1,¢ 4.4|C 24 | 8.5 5.5|S 
27 | 8.5 4-.5|C 24 | 8.5 36,1, NV 5.4|S 
27 | 8.5 N, 2,1 4-9|C 24 | 8.5 30, 2, NV 5.6/8 
28 | 7.2 o,1,N 4.6|5S 25 | 8.0 30,1, 5.5|C 
28 | 7.2 vy, 1, N, 2, 1 4.7| SS 25 | 8.0 36, 2, V 
28 | 7.2} N,1,1,1,30 |4.8|SS 25 | 5.5|S 
31 | 8.0 x, 4, 4.6)C 25 | 9.8 36,1, 5.4/8. 
31 | 8.0 N, 2,¢ 25 | 9.8 30, 2, V 5.6|S 
31 | 8.0 3, NM 4.3)C 26 | 8.0 30, 2, V 5.6;C 
31 | 8.0 XN, 2, @ 26 | 8.0 36, 3, V | 
31 | 8.0 (vx), 1,N 4-1/8 26 | 8.0 |N, B.D.+-45°, 811) 5.6) S 
31 | 8.0 N, +t 26 | &.0 36, 2, V 
31 | 8.0 Né 4.118 26 | 8.0 30, 3, V 5.7|S8 
31 | 8.0 N, (ve) 4.2/8 May 1 | 85 1,2, V 5.3|5 
April 2 | 7.8 1, 2, 5.3|C 1 | 8.5 N, 2, 36 5.4} S 
) 2| 7.8 N, 1, 30 5.3|C 12 |10.0 N (1, 36)* 5.2|S 
2| 7.8 36,1, NV §.4|/C 


* Through clouds. 


WASHBURN OBSERVATORY, 
Madison, May 1901. 
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ON THE DENSITY OF THE SOLAR NEBULA. 


By ANNE SEWELL YOUNG. 


It would not seem unreasonable to suppose that a possible 
law of density of the original solar nebula might be determined 
from considerations based upon the distribution of the moment 
of momentum of the solar system.’ 

In this paper I will outline the method by which a law of 
density has been determined for a nebula such that the distribu- 
tion of its moment of momentum is not inconsistent with that of 
the solar system. The test of the correctness of this law, or 
rather of the hypotheses upon which it depends, will be the com- 
parison between the distribution of mass in the supposed nebula 
and in the present system. The results may have some bearing 
upon the nebular hypothesis, inasmuch as the assumptions made 
do not differ widely from those made in regard to the develop- 
ment of the solar nebula. 

Briefly stated, this was the method of procedure. It was 
assumed that the original solar nebula was spherical in form, 
extending at least to the limits of the orbit of the planet Veptune ; 
also that its mass, if not homogeneous, was arranged in homo- 
geneous concentric layers such that the law of its density might 
be expressed as the sum of a series of +1 terms of the form 


. 
= , in which the a; are constants to be determined from the 


investigation, and ris the distance from the center of the nebula. 
This expression for density was substituted in the integral for 
the moment of momentum of a sphere, which could then be 
integrated, its value being expressed in terms of a; and ry. Values 
of r corresponding to the mean distances of the various planets 
were substituted in this expression ; the results were placed equal 

*For this suggestion I am indebted to Dr. F. R. Moulton, of The University of 
Chicago. 
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DENSITY OF THE SOLAR NEBULA 339 


to the numerical values of the moment of momentum of respec- 
tive systems consisting of the Sun and the planets, exclusive of 
those whose orbits lie beyond the orbit of the one whose dis- 
tance from the Sun was used as the value of r. This gave a set 
of equations which would of necessity be simultaneous if the 
conditions upon which they were based were actual, and whose 
unknowns were the constants, a,;, of the assumed law of density. 

It was also assumed that the planets were formed from the 
outer limits of the nebula in the order of their distances from the 
Sun; that when the nebula extended to the limits of the orbit of 
any planet, the angular rotational velocity of the entire mass 
was the same as the present angular velocity of the planet; and 
that the moment of momentum of the system has been constant. 
This last assumption must be true unless the system has been 
acted upon by some external force since the time under consid- 
eration. 

It will be shown first that the nebula could not have been 
homogeneous. 

Let /w represent the moment of momentum of a sphere of 
radius 7, rotating with the angular velocity , and let o repre- 
sent the density of the sphere. Then 


sin’ 6dpdOdr . (a) . 


If o is a constant (the condition for homogeneity), 
15 5 


where JM is the whole mass of the system. If we neglect the 
diminution of mass of the original nebula and the consequent 
loss of moment of momentum due to the abandonment of the 
planets in succession, r?@ should be aconstant. The logarithmic 
values for this product, computed for the mean distance of each 
planet from the Sun in terms of the Earth’s distance, are as 
follows: 


Neptune 0.732561 Jupiter 0.350505 Venus 9.922976 
Uranus 0.635268 Mars 0.084746 Mercury 9.787242 
Saturn 0.482886 Earth 9.993712 Sun 5.755774 
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A certain part of this variation could be accounted for by the 
separation of the planets from the parent mass. The masses of 
the planets are small as compared with the entire mass, hence 
the mass factor would change but little. That the variations in 
the values of y?@ are entirely out of proportion to the loss of 
moment of momentum occasioned in this way will be made evi- 
dent by reference to the table of orbital momenta given later. 
It will be seen that a very great change would be expected 
between the orbits of Saturn and Mars, because of the great 
orbital momentum of Jupiter, but that only small changes should 
take place between Mars and the Sun. We find, however, that 
r?@ was reduced to about two-fifths of its former value in the 
first case, and to less than one ten-thousandth in the latter. It is, 
therefore, evident that the nebula could not have been homo- 
geneous. 

Let us now consider the assumption that the mass was 
arranged in homogeneous concentric layers, the density being a 
function of the radius. Let us suppose that the density may be 
represented by a series of the form 


545434. 


in which ry represents the distance from the center to any given 
point, and @,, @,, @,, etc., are constants to be determined. Any 
one of them may equal unity or reduce to zero. In order to 
avoid the difficulties arising from terms which become infinite in 
the expression for the moment of momentum, I limited the series 
to five terms. Substituting in (@) the value of o, which was, 
therefore, 


we obtain 
In the formation of the equations, the following data were 
used, the unit of time being the mean solar day, the unit of dis- 


tance the mean distance of the Earth from the Sun: 


aoe 
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Sid. Period Mean Distance? Orbital Momentum 2 
Neptune 60193.2° 30.05660 1.806 
Uranus 30681 19.18239 1.323 
Saturn 10774.9 9.538786 5.456 
Jupiter 4346.5 5.202776 13.469 
Mars 687 1.523692 0.00253 
Earth 365.25 1.000000 0.01720 
Venus 224.7 0.723332 0.01 309 
Mercury 88 0.387098 0.00079 
Sun 25.35 0.004664 0.444 


Darwin has shown that the rotational moments of the planets 
are insignificant in comparison with their orbital moments,? and 
I have therefore disregarded them entirely. The maximum rota- 
tional moment is that of the planet /upiter, and is only about 
sayy Of the orbital moment of momentum of that planet. 

The second members of the equations were determined by 
considering the original total momentum as unity, and deduct- 
ing for each successive equation that fraction of the whole repre- 
sented by the orbital momentum of the planet supposed to have 
been abandoned; that is, the second member would be unity in 
the equation whose r was the radius of Neptune's orbit; in the 
equation for Uranus, the second member would be one diminished 
by the fraction representing the orbital momentum of Neptune, 
etc. 

In this way the following set of equations was formed : + 


29341.620ay + 1220.26802 , + 54.13189a, 

(1) | +2.7014984,; + 0.1797608a, = 0.1193663 
(2) 6095.01949 + 397.17674, + 27.60704a, 
+2.158780a; 0.2250794a, = 0.1097987 
527.69680ay + 69.15147a, + 9.666016a, 

(3) | +1.5200064, 0.318700€, = 0.1027897 
63.14962ay + 15.17210a, + 3.888206a, 

(4) +1.121000€; + 0.43092374, = 0.0738853 


*C, A. YOUNG, General Astronomy, Art. 489. 

2G. H. Darwin, Philosophical Transactions of the Royal Society, Part 11, 1881, 
pp- 516, 517. 

3 Lbid., p. 

4In these equations both members have been divided by= : 
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0.8607198a, + 0.7061136a, + 0.6178970a, 
(5) | + 0.6082893a@; + 0.7984413a@, = 0.0025303 

©) | 0.1971253a@) + 0.2464056a, + 0.3285420a, 
+ 0.4928132a@; + 0.9847189a, = 0.0025168 

0.0634480a) + 0.1096454a, + 0.2021116a, 
+0.4191262a,; + 1.1588760a, = 0.0024257 

(8) 0.0071114a@9 + 0.0229638a, + 0.0790973a, 
+ 0.3065009a@; + 1.5835830a, = 0.0023564 

0.0000000a2y + 0.00000002a, 0.00000048a, 


(9) + 0.0001544423 + 


0.0662310a, 


0.002 3522 


I first attempted to effect a solution by using the four equa- 
tions derived by combining (1) and (2), (3) and (4), etce., 
together with the solar equation. The values of a,, a,, a,, etc., 
determined in this way failed to satisfy any of the original equa- 
tions of the planets, a large negative residual in equation (1) 
being balanced by an equal positive residual in equation (2); 
the same result was found for the other three pairs. 

It could hardly be expected that the solar equation would be 
found consistent with the others, as the present condition of the 
Sun must be entirely unlike what it was when it extended even 
to the limits of Mercury's orbit. It was decided, therefore, to 
confine the solution to the first five equations, formed from the 
five planets which lie beyond the orbit of the Earth. There is 
no evident reason why the distribution of mass should change 
radically between the limits of the orbits of Mars and Neptune, 
and, because of the rarity of the gases and the slow rotation of 
the entire mass, the assumption of sphericity of form would not 
be a violent one. The results obtained gave the following 
expression for the density of the solar nebula: 

0.00019634 _ 0.0025714 + 0.10607164 __ 9.0754859 
r 


@ = ¢.00000767 — 


These values of @,, @,, @,, etc., satisfied the five equations 
in every case to the sixth decimal place, and in all but one to 
the seventh; but they failed entirely to satisfy the conditions 
expressed by the equations for the Earth, Venus, Mercury and Sun. 

Having found a law of density consistent with the moment 
of momentum of the superior planets, the next step was the 
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computation of the amount of material within a spherical shell 

contained between the limits of the orbits of Mars and Saturn. 

This mass should be at least equa! to the mass of the planet 

Jupiter, as it is altogether improbable that the nebula should 

have expanded instead of contracted during the process of devel- 

opment. This was done by computing the value of the integral 
r (Saturn) 

It was found that the entire mass lying between these limits 
would be only about one fifth of the Earth’s mass, whereas the 
mass of Jupiter is more than three hundred times that of the 
Earth. These results show that the assumed law of density is 
an impossible one, and yet the method of attack seems legiti- 
mate. Because of the great discrepancies in the figures, it would 
seem that the law of density cannot be represented by a series 
of this general type such that the distribution of both the 
moment of momentum and the mass of the nebula will be satis- 
fied. While one should not attach great importance to con- 
clusions based upon such a large number of assumptions, several 
of which may be incorrect, from the preceding discussion it 
seems probable that the density of the solar nebula was irregular. 

I may add that in an earlier attempt to find an expression 
for density which should be consistent with all nine equations, I 
assumed the form 
re a, a, a, 
using nine terms of the series. This particular form removes all 
difficulty arising from terms which become infinity in the expres- 
sion for the moment of momentum when ¢ is zero. The equations 
were formed and solved, but I do not consider the results of much 
value, because, as has been suggested, the solar equation prob- 
ably could not be consistent with the others. The mass tests in 
this case also show that, with such a distribution of mass, the 
formation of a planet like /upiter would have been impossible. 


MT. HOLYOKE COLLEGE, 
March Igol. 
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REVIEWS 


Ueber die Ursache der Nordlichter. Svante ARRHENIUS. Ofversigt 
af Konigl. Vetanskaps-Akademiens Forhandlingar, 1900. Pp. 
545-580. Reprinted in the Physikalische Zeitschrift, Nov. 10 
and 17, 1900. 

THE manner in which two domains of science, apparently unre- 
iated, are sometimes united and simplified by a keen observation is 
beautifully illustrated in the paper whose title has just been given. 
The brilliant Swedish chemist, S. Arrhenius, here applies Maxwell’s 
electromagnetic theory to the explanation of solar repulsion on comets 
and to the explanation of the Aurora Borealis. Following is an 
abstract of the highly plausible result which he obtains : 

Solar repulsion of the tails of comets, and the apparent ejection of 
matter from the Sun to form the corona and solar projections, have 
long puzzled scientists as seeming exceptions to the law of gravitation. 
Many theories in explanation of these phenomena have been proposed, 
electrical repulsion being perhaps the one most generally given. 

Kepler’ attempted the first explanation, basing his hypothesis on 
the emission theory of light, supposing that the matter might be 
repelled by the impact of the corpuscles. Newton accounted for the 
phenomena by supposing such a difference in the density of the sur- 
rounding medium as causes the ascension of hot air and smoke. 

Euler’ in the 18th century held that light waves, which he sup- 
posed to consist of longitudinal vibrations in the ether, were competent 
to produce repulsion. This view was so severely criticised that it 
was soon abandoned. Nevertheless, if Maxwell’s electro-magnetic 
theory of light be accepted, it appears that Euler was, in the main, 
right. Maxwell® proves that in a medium in which electro-magnetic 
or light waves are propagated, a pressure is produced in the direction 
of propagation which, at any point, is numerically equal to the total 
energy per unit volume. 

*KEPLER, Principia Mathematica, 1, I11, Prop. 41. 

*EuLER, Mémoires de [ Academie de Berlin, 1746, 2, 121, 135. 

3 MAXWELL, Liectricity and Magnetism, 1873. Art. 792. 
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The amount of solar energy per square centimeter per second at 
the distance of the Earth is about 0.0417 calories; or 1775 (42600 X 
.0417=1775) gram-centimeters per second per square centimeter. 
Since the velocity of the Sun’s radiations is about 3 X 10” centimeters 
per second, the amount of solar energy per cubic centimeter =1775- 
3X 10"°=592X10” gram-centimeters. This pressure acts only on 
the side of bodies toward the Sun, hence bodies are urged away from 
the Sun in the direction of the beam of light. Though the repulsion 
produced by the Sun’s rays.in the vicinity of the Earth is too small to 
be detected, near the Sun it is vastly greater. The average distance 
of the Earth from the Sun is about 215.7 times the Sun’s radius; at the 
surface of the Sun the repulsion will then be (215.7)’X 592 X 10°%°= 
2.75 X 10% grams per square centimeter. The weight of a body at the 
Sun is 27.47 times that at the Earth. Then a cubical body, 1 centi- 
meter on an edge, of unit density, suspended so that its lower surface 
were perpendicular to the Sun’s rays, would lose about one ten-thous- 
andth part of its weight. If the body were more or less transparent, 
a deduction would have to be made for the light transmitted; but if 
the body were a perfect reflector the effect would be doubled, so per- 
haps computations based on the assumption that all the radiations are 
absorbed will be near the truth. : 

If now a cube of the same density 10% centimeters in diameter were 
taken, its weight would be ro and its area 10* times that of the first ; 
such a budy would lose all its weight when subjected to the Sun’s 
radiations. According to Bredichin‘ the matter composing the tails 
of comets is, at perihelion, repelled from the Sun with a force 1.5 to 
18.5 times its weight. Assuming that the tails of comets are composed 
of gaseous hydrocarbons whose density could hardly exceed 0.8, the 
computed diameter of the particles to be thus repelled would lie 
between o.1m# and 1.25m. Such particles would be much larger than 
simple molecules. Micro-organisms of a diameter not greater than 
o.3# have been observed. When it is considered that these organisms 
are composed of many complicated organic molecules, it is evident 
that inorganic particles may be vastly smaller. Indeed liquid films 
have been produced as thin as sup (0.005). Particles of this diame- 
ter would be 20 times smaller than is necessary to account for the 
maximum observed cometary repulsion. 


4BREDICHIN, Kevision des valeurs numeriques de la force répulsive. Leipsic, Voss, 
1885. 
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As a comet approaches the Sun there is developed on the side 
toward the Sun an extension of the coma. This is accounted for by 
supposing that the head of the comet is composed of solid or liquid 
hydrocarbons of relatively high boiling point, which are vaporized 
under the intense heat of the Sun; while the particles are compara- 
tively large they fall toward the Sun, but with their further dissipation 
they will be repelled and form a part of the tail. If the nucleus is 
heterogeneous, particles of many sizes may be formed, which, by their 
varying degrees of repulsion, may give rise to several distinct tails, as 
in the comet of 1744. 

The apparent force of repulsion of the tail is not always propor- 
tional to the inverse square of its distance from the Sun. This is 
easily accounted for on the supposition that the size of the particles, 
and hence their force of repulsion, varies with the distance. It has 
been observed that comets are more numerous and brighter in years 
when Sun-spots are plentiful. Measurements made by Savélieff* in 
the summers of 1890, 1891, and 1892 when the number of Sun-spots 
were in the ratios of 7, 47, and 86, gave for the solar energy values of 
29.8, 34.2, and 36 calories per square centimeter per hour. Thus Sun- 
spots accompany intense solar radiation; this means increased repul- 
sion and the carrying away of a large amount of “cosmic dust,” into 
colder space where the particles may aggregate till they again fall 
toward the Sun in the form of comets. 

A particle having half the critical diameter, and projected from the 
surface of the Sun, would, in traveling a distance equal to the Sun’s 
radius, acquire a velocity of 430 km per second. Such a particle would 
traverse a distance equal to the Sun’s diameter in less than an hour. 
A particle with , the critical diameter would travel that distance in 
four minutes. This “cosmic dust” thus shot off from the Sun may 
account for many of the phenomena of the solar corona, and the 
zodiacal light. 

That these particles thus ejected from the Sun would be strongly 
electrified is almost certain, when we consider the violent electrical dis- 
turbances which always accompany volcanic eruptions. Cathode and 
Roentgen rays would be developed if the electrification were suffi- 
ciently intense, by which the surrounding gases would be ionized. 
The negative ions, as has been shown by Wilson,’ would form centers 

*SAVELIEFF, Comptes Rendus, 118, 62, 1894. 

? WILSON, Phil. Mag., 193, 289-308, 1899. 
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of condensation for the “cosmic dust” and consequently the particles 
finally leaving the neighborhood of the Sun, would be negatively 
charged, while the positive ions would remain behind. The side of 
the Earth turned toward the Sun would receive a constant stream of 
these negatively charged particles, which would, for the most part, 
remain in the upper strata of the air. Particles of a diameter of 1p 
would probably remain as high as 200 km. The atmosphere would be 
most strongly charged in the direct line between the Earth and the 
Sun, and in this region cathode rays might be developed. Under the 
action of the ultra-violet light, which would render the air conducting, 
the charges would be gradually conducted toward the less illuminated 
regions to the north and south. The normal circulation of the air 
would also work toward the same end. 

Dr. Paulsen* found such a remarkable agreement in essential char- 
acteristics between the Aurora Borealis and the cathode rays that he 
declared the first to be a special form of the second. The great 
obstacle to the acceptance of his conclusions has been the difficulty of 
imagining any way in which the cathode rays could be produced; a 
' difficulty which the present theory aims to overcome. 

Since cathode rays tend to follow the lines of force in a magnetic 
field, the rays will, near the equator, where the lines of force are parallel 
to the Earth’s surface, remain in the upper air, never penetrating deep 
enough to produce any visible illumination. Still aurora lines are 
found even in equatorial regions in the diffused light after sunset. 
The nearer the poles the greater the angle which the lines of force 
make with the Earth’s surface, and the deeper the cathode rays will 
penetrate, till they reach strata sufficiently dense to produce a very 
considerable illumination, thus causing the aurora. 

Practically all the known facts concerning the aurora harmonize 
with the theory that the light is produced by cathode rays which 
arise from negatively electrified particles repelled from the Sun. The 
remarkable identity of the 11-year periods of the aurora and Sun-spots ; 
the annual, monthly, and daily variations in the number and intensity 
of the aurora following closely the variations in the position of the Sun 
and the intensity of its light may all be much more satisfactorily 


explained by this theory than perhaps by any other. 
A. W. AuGurR. 


PAULSEN, “Sur la nature et l’origine de l’aurore boreale.” Aull. d. 1’Ac. Roy. 
d. Sc. de Copenhague, 1894. 
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Spectroheliograms of prominences and other solar phenomena. 

Photographs of the buildings and instruments of the Yerkes Observatory. 

A more complete list of subjects may be had on application to S. B. BARRETT, 
Yerkes Observatory, Williams Bay, Wisconsin, to whom all orders should be 
addressed. 


JUST PUBLISHED With 13 Plates, 165 pp., Folio, Cloth, Price, $6.25 net 


IMPORTANT worK ¢ An Atlas of Representa- 


ON ASTROPHYSICS } ¢; 
tive Stellar Spectra 


FROM \ 4870 TO \ 3300 


TOGETHER WITH A DISCUSSION OF THE EVOLUTIONAL ORDER OF 
THE STARS, AND THE INTERPRETATION OF THEIR SPECTRA. PRE- 
CEDED BY A SHORT HISTORY OF THE OBSERVATORY AND ITS WORK 


By Sir WILLIAM HUGGINS, K. C. B., and LADY HUGGINS 


“This sumptuous and beautifully illustrated | “This magnificent Atlas . . . The combina- 
volume . . . will remain aclassic in Astronomy, || tion which it presents of artistic beauty and 
and is the most important contribution to the || _ scientific value is, in our experience, unrivalled.” 
“New Astronomy” that has yet appeared."— | —LZdinburgh Review. 

Athenaeum. “The present magnificent work . . . must be 

“It is with the story of the wresting of their ranked as the greatest astronomical book of the 


secrets from the Stars . . . that this sumptuous || present time — as one of the great astronomical 
monograph is in the main concerned.”—Dazly || books of all time.”— Zhe Zimes. 
Chronicle. 


Wm. Wesley & Son, Booksellers, ** "sit," 


| 
| 
. 
i 
re 
2 | 


COMPREHENSIVE SCHOLARLY INTERESTING 


HISTORY 
|THE AMERICAN PEOPLE 


By FRANCIS NEwWTon TuHorPE, Pu.D., Author of “A Constitutional 
History of the American People,” ‘The Constitutional History of the 
United States,” etc. . . . . . s2mo, with maps and index, $1.50 


An enjoyable work for busy men and women, as well as the best compendium of 
American history for the student that has yet appeared. Professor Thorpe’s name 
{ is familiar to every student of history as the author of a number of exhaustive, schol- 
arly works, as well as through his work as a lecturer on history. This new book, 
however, is of much more general interest than any that he has yet written, for it fills 
a gap in our literature which the late Moses Coit Tyler pointed out—the need for 
a one-volume history of our country which is at once exact in scholarship and read- 
able as literature. Professor Thorpe has been working on this book for the last nine 
years, and it contains the fruits of careful examination of original sources, of matured 
reflection on historical problems, and of that practical experience in addressing the 
public which enables the author to present his subject in the clearest light and in 
the most attractive manner. 


For sale by booksellers generally, or mailed on receipt of price by the publishers 


A.C. McCLURG & CO., CHICAGO 
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Three thousand dailies, weeklies, and monthlies are required to produce one copy of PUBLIC 
OPINION. It is a magnificent weekly magazine, comprising in its 52 issues a grand total of over 
1700 pages of reading matter and nearly 1000 illustrations. Its field is as wide as the range of hu- 
man interests. Its readers, independent of other periodicals are fully abreast of the times, sufficiently 
well informed to appear in any company, and to discuss with intelligence both sides of every question 
of the hour, whether pol:tical, social, religious, educational, financial, scientific, literary, or artistic. 


PUBLIC OPINION is ‘Worth at least $100 


T PUBLIC OPINION | 
to presidents, states- A Weekly Hlustrated Magazine; over 1700 keep posted.” 


men, cabinet offi- pages in 52 numbers. Regular price, $3.00 


clals, professions! $1000 ACCIDENT POLICY — Best $3 Insurance Issued a his 

people and men and BOTH (Public Opinion and Puritan Policy) $3.00 . 

women of affairs. 7 Fudge Stevenson. 


You can get PUBLIC OPINION for an entire year (price $3.00) and a Puritan Ac- 
cident Policy, insuring you for an entire year (price $3.00), both for $3.00, pay- 
able in twelve little monthly installments of 25 cents each. This policy pays $1000 in 
case of accidental death, and $5.00 per week for disability. It may be issued to anyone, man or 
woman, over 16 and under 65 years of age. It is as good as a government bond, being issued by 
one of the best companies in America. We gladly refund the money to anyone who is not sat- 
isfied that the policy alone is worth $3.00. Upon receipt of first payment of 25 cents, in coin or 
stamps, your policy will be issued and your name entered upon our subscription list. 


PUBLIC OPINION 5 Astor Place NEW YORK CITY 


FOR 
: 
7A In 12 Little Monthly Payments 
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Methods Plant Histology 


BY CHARLES J. CHAMBERLAIN, A.M., Ph.D. 


Instructor in Botany in the University of Chicago 


NOW READY ILLUSTRATED. PRICE $5.50, NET 


This book contains directions for collecting and preparing plant material for 
microscopic investigation. It is based upon acourse in botanical micro- 
technique and is the first complete manual to be published on this subject. 
It is the result of several years’ work with classes in residence at the Uni- 
versity of Chicago and with University Extension classes away from the Uni- 
versity. It aims, therefore, to meet the requirements not only of the student 
who has the assistance of an instructor in a fully equipped laboratory, but, 
also, the student who must work by himself and with limited apparatus. Free 
hand sectioning, the paraffin method, the collodion method, and the glycerine 
method are treated in considerable detail. In later chapters specific directions 
are given for making such preparations as are needed by those who wish to 
study the plant kingdom from the Algae up to the flowering plants. Special 
attention is paid to the staining of karyokinetic figures, because the student 
who masters this problem will find little difficulty in differentiating other 
structures. Formulas are given for the reagents commonly used in the Histo- 
logical Laboratory. 


For Sale by Dealers, or by the Publishers 
THE UNIVERSITY, OF CHICAGO PRESS, CHICAGO, ILL. 


SOME IMPORTANT 


BOOKS ON EDUCATION 


The School and Society. By JoHn Dewey. (Third edition.) Supplemented 
by a statement of the University Elementary School. 130 pp., 12mo, cloth. 
$1.00. 


The Prospects of the Small College. By PresipenT WILLIAM R. HARPER. 
§0 pp., I2mo, paper. et, $0.25. 


Report of the Educational Commission of the City of Chicago. The 
commission was appointed by Hon. CARTER H. HARRISON, January 19, 
1898, and the report is edited by PRESIDENT WILLIAM R. HARPER. (Sec- 
ond edition.) 250 pp., royal 8vo, paper. Vet, $1.00. 


The Education of Business-Men. A View of the Organization and Courses 
of Study in Commercial High Schools of Europe. By EDMUND J. JAMEs. 
232 pp., Svo, paper. Vet, $0.50. 


The Philosophy of the Humanities. By Kirz-HUGH. 63 pp. 
royal 8vo, paper. Vet, $0.50. 


FOR SALE BY BOOKDEALERS OR BY THE PUBLISHERS 
THE UNIVERSITY OF CHICAGO PRESS, Chicago, Illinois 
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TR. KR. Donnelley & Sons Co. 


The Lakeside cys 
PRINTERS AND BINDERS 


THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU- 
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES AND ANNUALS A 
SPECIALTY. WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES 
WEST OF NEW YORK. OUR NEW FACTORY, RUN ENTIRELY BY ELEC- 
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY. 
THE LAKESI{DE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO. 


WM. GAERTNER & Co. || THE WESTON STANDARD 


5347-5349 Lake Avenue, Chicago 


MANUFACTURERS OF Voltmeters 
Astronomical and Terrestrial —AND— 


Telescopes || 4mmeters 


OF MODERN DESIGN AND Portable 

HIGH-GRADE WORKMANSHIP Accurate 
Reliable and 

Transits, Eyepieces, Micrometers, Driving-Clocks, Sensitive 


Chronographs, Spectroscopes, etc.,etc. Michelson 


Interferometers, General Laboratory Apparatus, WESTON ELECTRICAL INSTRUMENT CO. 


Iniv , & 
Universal Laboratory Supports WAVERLY PARK, ESSEX COUNTY, N.J 
Highest References from Leading Scientists Berlin—European Weston Electrical Instrument Co., Ritterstrasse No, 88 
London— Elliott Bros., No. 101 St. Martins Lane 


SOME PUBLICATIONS OF THE UNIVERSITY OF CHICAGO ON 
Political Science and Political Economy 


ECONOMIC STUDIES OF THE UNIVERSITY OF CHICAGO: 


No. 1. The Science of Finance. An Authorized Translation of GUSTAV COHN’S 
Finanzwissenschaft. By T. B. VEBLEN. 800 pp., royal 8vo, cloth. $3.50. 


No. 2. A History of the Union Pacific Railway. By HENRY KIRKE WHITE. 
132 pp., royal 8vo, cloth. $1.50. 


No. 3. The Indian Silver Currency. By KARL ELLSTAETTER. Translated from 
the German by J. LAURENCE LAUGHLIN. 132 pp., royal 8vo, cloth. $1.25. 


No. 4. State Aid to Railways in Missouri. By JOHN W. MILLION, A.M. 264 
pp., royal 8vo, cloth. $1.75. 


No. 5. A History of the Latin Monetary Union. By HENRY PARKER WILLIS. 
342 pp., royal 8vo, cloth. $2.00. 


THE CHARTERS OF THE CITY OF CHICAGO. Edited by Epmunp J. 
JAMES: 
Part I. The Early Charters, 1833-7. 76 pp., royal 8vo, paper. Net, $0.50. 
Part II. The City Charters, 1838-51. 111 pp., royal 8vo, paper. Net, $0.50. 
Part III. In preparation. 


The Constitution of the Argentine Republic and the Constitution of the United States 
of Brazil. By ELIZABETH WALLACE. 95 pp., royal 8vo, paper. Net, $0.50. 


The Legal Nature of Corporations. By ERNST FREUND. 83 pp., royal 8vo, paper. 
Net, $0.50. 


FOR SALE BY BOOKDEALERS OR BY THE PUBLISHERS 
THE UNIVERSITY OF CHICAGO PRESS, Chicago, IIl. 
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Announcements oO 


THE UNIVERSITY 


OF CHICAGO PRESS 


The Assembly of Gods; or, The Accord of Rea- 
son and Sensuality in the Fear of Death. By 

OHN LYDGATE. Edited by OSCAR LOVELL 

RIGGS. 192 pages. Royal 8vo, paper, ze¢, $1.00. 

Metaphor and Simile in the Minor Elizabethan 
Drama. By FREDERIC IVES CARPENTER. 217 
pages. Royal 8vo, paper, we/, $1.00. 


ENGLISH 


Books of Illustration. By RICHARD G. MOUL- 
TON. 1. Ancient Tragedy, 87 pages, wef, 35 cents. 
2. Ancient Comedy, 50 pages, e/, 25 cents. 

The Arte or Crafte of Rhethoryke. (LEONARD 
Cox.) Edited by FREDERIC IVES CARPENTER, 
PH.D. 117 pages. Royal 8vo, paper, net, $1.00. 


LANGUAGES 


Studies in Classical Philology. Vol. I, 8vo, 
239 pages. Boards, we/, $1.50. Vol. II, 8vo, 243 
pages. Boards, we¢, $1.50. Vol. III in prepara- 

on. 

Syntax of the Moods and Tenses in New Testa- 
ment Greek. By ERNEST D. BURTON. 215 pages. 
tamo, Cloth, et, $1.50. 


Germanic Studies. Containing three numbers. 
Royal 8vo, paper, et, per numder, 50 cents. 

Assyrian and Babylonian Letters. Edited b 
ROBERT FRANCIS HARPER. In five parts, wit 
plates of texts. 8vo, cloth, met, per part, $6.00. 
Part six in preparation. 


RELIGION AND THEOLOGY 


The Present Status of the ag Concerning 
the Genuineness of the Pauline Epistles. By 
BERNHARD WEISS, THEOL.D. 78 pages. Royal 
8vo, paper, 50 cents. 

Books for New Testament Study. Prepared by 
CLYDE WEBER VOTAW and CHARLES F. BRAD- 
LEY. 80 pages. Royal 8vo, paper, 50 cents; cloth, 
75 cents. 

The Contest for Liberty of Conscience in Eng- 
land. By WALLACE ST. JOHN. 155 pages. Royal 
8vo, paper, 50 cents; cloth, 75 cents. 


The Primitive Era of Christianity as Recorded 
in the Acts of the Apostles, 30-63 A.D. By 
CLYDE W. VOTAW. 122 pages. 8vo, paper, 25 
cents. 


Constructive Studies in’ the Life of Christ. By 
ERNEST D. BURTON and SHAILER MATHEWS. 
Prepared for use in advanced Bible classes, with 
many corrections and additions since its appearance 
in the Bidlical World in 1900. 302 pages. 8vo, 
cloth, $1.00. 


PHILOSOPHY AND PEDAGOGY 


The School and Society. By JOHN DEWEY. 
Third edition. 130 pages. t12mo, cloth, with gilt 
top, $1.00. 

Contributions to Philosophy. Vol. I, contain- 
ing five numbers. 8vo, paper, et, per number, 
35 cents. Vol. II, containing two numbers. 8vo, 
paper, net, per number, 35 cents. 


The Prospects of the Small College. By PREsI- 
DENT WILLIAM R. HARPER. 50 pages. I2mo, 
paper, wet, 25 cents. 

Report of the Educational Commission of the 
City of Chicago. Second edition. 250 pages. 
Royal 8vo, paper, net, $1.00. 


SOCIOLOGY AND ANTHROPOLOGY 


Bulletins of Anthropology. By FREDERICK 
STARR. Comprising four numbers. Royal 8vo, 
paper, net, per number, 50 cents. 

Standards of Living in its Relation to Economic 
Theory and Land Nationalization. By FREDER- 
ICK W. SANDERS. 64 pages. Royal 8vo, paper, 
50 cents. 


An Analysis of the Social Structure of a West- 
ern Town. By ARTHUR W. DUNN. 53 pages, 
with maps. Royal 8vo, paper, we/, 25 cents. 

Food as a Factor in Student Life. By ELLEN 
H. RICHARDS and MARION TALBOT. 28 pages. 
Royal 8vo, paper, #e?, 25 cents. 


POLITICAL SCIENCE AND POLITICAL ECONOMY 


The Science of Finance. An authorized transla- 
tion of GUSTAV COHN’s Finanzwissenschaft.”’ 
By T. B. VEBLEN. 800 pages. Royal 8vo, cloth, 
$3.50. 

History of the Union Pacific Railway. By 
HENRY KIRKE WHITE. 132 pages. Royal 8vo, 
cloth, $1.50. 

The Indian Silver Currency. By KARL ELL- 
STAETTER. Translated from the German by J. 
LAURENCE LAUGHLIN. 132 pages. Royal 8vo, 
cloth, $1.25. 


State Aid to Railways in Missouri. By JOHN 
W. MILLION, A.M. 264 pages. Roya! 8vo, cloth, 
$1.75. 

enc of the Latin Monetary Union. By 
HENRY PARKER WILLIS. Royal 8vo, cloth, $2.50. 


The Charters of the City of Chicago. By Ep- 
MUND J. JAMES. In two parts. Royal 8vo, paper, 
net, per part, 50 cents. 

The Education of Business Men. By EDMUND 
J. JAMES. 322 pages. 8vo, paper, 50 cents. 


THE FIRST COMPLETE CATALOGUE OF THE PUBLICATIONS OF THE UNIVERSITY OF CHICAGO 
PRESS WILL BE SENT ON APPLICATION. ADDRESS 


The University of Chicago Press, Chicago, Illinois 
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The Journals of the University of Chicago 


BEING THE DESCRIPTIVE LIST OF ONE WEEKLY, FIVE 
MONTHLY, ONE BI-MONTHLY, THREE QUARTERLY, 
AND ONE SEMI-QUARTERLY PUBLICATIONS # # #& 


THE BIBLICAL WORLD 


Edited by President W. R. Harper. A popular illustrated 
monthly magazine, Subscription price, in the United States, 
$2.00 a year; foreign, $2.50; single copies, 20 cents. 

The Biblical World is devoted exclusively to bibli- 
cal study, and so edited and illustrated as to afford 
the greatest aid to the busy clergyman, the pro- 
gressive Sunday-schoo] teacher, and the thinking 
layman. 


THE SCHOOL REVIEW 


Published monthly, except in July and August. Subscription 
price, in the United States, $1.50 a year; foreign, $2.00; 
single copies, 20 cents, 

So adequately has the School Review served the 
interests of high-school and academy work that it 
has come to be recognized as the official organ of 
secondary education in the United States. It is 
devoted exclusively to this field, is progressive, 
practical, and helpful, and is indispensable to every 
teacher. 


THE BOTANICAL GAZETTE 


Edited by Joun M. Courter. Published monthly, with illus- 
trations. Subscription price, in the United States, $4.00 
a year; foreign, $4.50; single copies, 50 cents. 

The Botanical Gazette is an illustrated monthly 
journal devoted to botany in its widest sense. For 
more than twenty years it has been the representa- 
tive American journal of botany, containing contri- 
butions from the leading botanists of America and 
Europe. 


THE AMERICAN JOURNAL OF SOCIOLOGY 


Edited by Atsion W, Smart. Published bi-monthly, with 
illustrations. Subscription price, in the United States, $2.00 
ayear; foreign, $2.50; single copies, 35 cents. 

The special aim of the American Journal of Soci- 
ology is to show that the “social problem” is both 
many problems and one problem. It has already 
made itself indispensable to Americans who are 
trying to keep informed about the general tenden- 
cies in the rapidly changing field of sociology. 


THE AMERICAN JOURNAL OF SEMITIC 
LANGUAGES AND LITERATURES 
Edited by President Witt1am R. Harper. Published quarterly. 


Subscription price, in the United States, $3.00 a year; for- 
eign, $3.25; single copies, 75 cents. 


The object of this journal is to encourage the 
study of the Semitic languages and literatures, to 
furnish information concerning the work of Semitic 
students at home and abroad, and to act as a medium 
for the publication of scientific contributions in those 
departments. Articles are published in German, 
French, and Latin, as well as in English. 


THE JOURNAL OF GEOLOGY 


Edited by T. C. Cuamperun. Published semi-quarterly, with 
illustrations. Subscription price, in the United States, $3.00 
a year; foreign, $3.50; single copies, 50 cents. 

Devoted to the interests of geology and the allied 
sciences, and contains articles covering a wide range 
of subjects. Adapted to young geologists, advanced 
students, and teachers. 


THE ASTROPHYSICAL JOURNAL 


Edited by Georce E. Hare. Published monthly, except in 
February and August, with illustrations. Subscription 
price, in the United States, $4.00 a year; foreign, $4.50; 
single copies, 50 cents. 

An international review of spectroscopy and as- 
tronomical physics. Invaluable to all who are in- 
terested in astronomy and astrophysics. 


THE JOURNAL OF POLITICAL ECONOMY 


Edited by J. Laurence LaucGuuin, Published quarterly. 
Subscription price, in the United States, $3.00 a year; for- 
eign, $3.40; single copies, 75 cents, 

This publication promotes the scientific treatment 
of problems in practical economics, and also con- 
tains contributions on topics of theoretical and 
speculative interest. 


THE AMERICAN JOURNAL OF THEOLOGY 
Edited by the Divinity Faculty of The Chicago. 
Published quarterly. Subscription price, in the UnitedStates, 
$3.00 a year; foreign, $3.50; single copies, 75 cents, 
The only journal in the world so catholic in its 
scope as to cover the entire field of modern investi- 
gation and research in all the different lines of 
theological thought represented by special fields and 
particular schools. 


THE ELEMENTARY SCHOOL TEACHER AND 
THE COURSE OF STUDY 
Edited by Francis W. Parker. Published monthly, except in 
August and September. Subscription price, in the United 
States, $1.50 a year; foreign, $2.00; single copies, 20 cents, 
A monthly periodical for teachers and parents, 
Each number contains practical plans for teaching 
in every grade from the kindergarten through the 
high and pedagogic schools. 


THE UNIVERSITY RECORD 


Edited by the Recorder of the University. Published weekly, 
on Fridays at 3:00 Pp. M. Yearly subscription, $1.00; 
single copies, 5 cents. 

The University Record is the official weekly pub- 
lication of the University of Chicago. A special 
number, enlarged in size, is issued each month. 


SAMPLE COPIES FREE ON REQUEST. ADDRESS 
THE UNIVERSITY OF CHICAGO 
PRESS #% CHICAGO, ILLINOIS 
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he Rock of Gibraltar 


pictured. in mosaic at the entrance to the Home Office Buildings owned and occupied by THE 
PRUDENTIAL, symbolizes the strength of this Company which protects the holders of over 


FOUR MILLION POLICIES 


by Life Insurance of over 


$600,000,000 


THE PRUDENTIAL INSURANCE CO. of America 
JOHN F, DRYDEN, President Home Office: NEWARK, N.J. 
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A Tonic and Nerve Food 


HORSFORD’S 
Acid Phosphate. 


When exhausted, depressed 
or weary from worry, insom- 
nia or overwork of mind or 
body, take half a teaspoon of 
Horsford’s Acid Phosphate in 
half a glass of water. 

It nourishes, strengthens and im- 


parts new life and vigor by supplying 
the needed nerve food. 


Sold by Druggists in original packages only. 


FRAGRANT 


A perfect Dentifrice for the 


Teeth Mouth 


SOZUDONT LIQUID 25¢ Cc 
SOZODONT TOOTH POWDER 
Large LIQUID andPOWDER 75¢ 


A dentist writes: 


“As an antiseptic and hygienic 
mouthwash, and for the care and pres- 
ervation of the teeth and gums, | cor- 
dially recommend Sozodont. I consider 
it the ideal dentifrice for children’s use.” 


SOZODONT is sold at the stores, or it will be 
sent by mail for the price. Mention this Magazine. 


HALL & RUCKEL, New York, 


BORATED 
TALCUM 


Delightful after Bathing, A Luxury After Shaving 


A positive relief for PRICKLY HEAT, CHAFING and 
SUNBURN, and all afflictions of theskin. Removes 
all odor of perspiration. Get MENNEN’S (the orig- 
inal), alittle higher in price, perhaps, than worth- 
less substitutes, but there is a reason for it. 

Sold everywhere, or mailed for 9% cents. (Sample free.) 
GERHARD MENNEN C€O., Newark, N. J. 


16 West 23d St. 
157 Broadway 
Brooklyn: 504 Fulton St. 


Boston: 230-232 Boylston St. 

Philadelphia; 924 Chestnut St. 

Chicago: 82 State St. 
Agencies in all principal cities 
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A PIANO 


at a NOMINAL PRICE 

Chicago’s larg- 
est music house, 
Lyon & Healy, to 
sharply reduce 
stock, offers sam- 
ple new uprights, 
slightly used pi- 
anos, and second- 
hand instruments, 
at almost nominal 
prices. Good durable uprights as low as 
$100, warranted as represented. Square 
pianos $20 and upward. Grands from $200, 
Send for complete list. Among the makers 
are: Decker Bros., Hardman, Knabe, Stein- 
way, Weber, Hale, Bauer, Fischer, Hazel- 
ton, and others. If you are interested in a 
piano, do not fail to write. Any piano not } 
proving exactly as represented may be re- 
turned at their expense. Address 


LYON & HEALY, 
100 Adams St., Chicago 


What 
Ira D. Sankey 


Says about the 


Dr. Deimel 
Underwear 


“I wish to say to my friends that 
I have been wearing the Dr. Dei- 
mel Underwear for the last four 
years constantly, and it has been 
not only a comfort every day since 
I bought it, but it has been the 
means of preventing me from 
taking cold, as I was constantly 
doing when I wore flannel or 
woolen underwear. 

I wish to recommend the Dr. 
Deimel underwear as the coming 
underwear of the world.” 

IRA D. SANKEY. 


"RIDE ACOCKHORSE To BanBurY CROSS, 
© SEE A FINE LADY UPON A WHITE HORSE, 


Send for Free Booklet and 
Sample Pieces of Linen-Mesh 


And this is only one 
testimonial of thou- 
sands. 
Dr. Deimel’s Linen- 
Mesh Underwear is 
growing in popularity 
every day because it 
All genuine Dr. Dei- has merit. Physi- 
cians all over the 
If you cannot obtain Country wear and 
them, write to us. recommend it. 


So SINGS THE FOND MOTHER IN NURSERY RHYME 

THER GLAD INFANT, THE WHILE KEEPING. TIME, 

AND SO CAN ALL MOTHERS WITH TUNEFUL REFRAIN 

DELIGHT IN THEIR INFANTS WHOSE HEALTH THEY MAINTAIN, 

THROUGH 

MRS.WINSLOWS SOOTHING SYRUP 
OVER FIFTY YEARS SOLD ; 


| To MILLIONS OF MOTHERS IN THE NEW WORLD AND OLD) 


ADDRESS 
The Deimel Linen-Mesh System Co. 


491 Broadway, New York 


San Francisco, Cal. Montreal, Canada 
111 Montgomery St. 2202 St. Catherine St. 
Washington, D. C. London, E. C., Eng. 
728 16th St., N. W. 10-12 Bread St. 
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We will deliver anywhere in the 
U. S. we can reach by express [we 
will pay express charges] a case 
containing enough 


TOILET 
PAPER 


To last any average family a full year; 
finest satin tissue, A. P. W. BRAND. 


If you ever saw better at anything like the price 

per 1000 sheets, we will refund the dollar. Our 

rantee is good—we are the largest makers in 
the world, and originated the perforated roll. 


Sample Sheets and Booklet mailed Free 


A. P. W. 
Paper Company 


Montgomery St., Albany, N.Y, 


“Papa says he cant help | 
[eeling stylish in 
LION BRAND 


SHIRTS, COLLARS AND CUFFS 


_ TRADE MAR 


K. 


Lion Brand Shirts, Collars and Cuffs fit you because, 
they fit each other. Two collars or two cuffs cost 25 cents 
It doesn’t pay to more Shirts cost §1, $1.50 or f 
depending on the kind you want. Ask your furnisher. If 
he doesn't carry them in stock, we will send the name of 
one who will supply you. Do not send us money. 


United Shirt & Collar Co., Makers, Troy, N. Y. 


without Seam or Joint, 


Ask the Dealer for the “KREMENTZ.” 


The genuine have the name stamped on the 
back. the quality is guaranteed. 

Our Booklet, THE STORY OF A COLLAR BUT. 
TON, free for the asking, tells all about Krementz 
Buttons, and illustrates the different styles. 

KREMENTZ & CO,, 
34 Chestnut St, Newark, N. J, 


The Improved 


BOSTON 
GARTER 


The Standard 
for Gentlemen 


ALWAYS EASY 
The Name “BOSTON 


Tre 

CUSHION 

BUTTON 

«CLASP 

Lies flat to the leg—never 


Slips, Tears nor Unfastens. 


SOLD EVERYWHERE. 
Sample Ri Silk 50c., Cotton 25c. 
ailed on receipt of price. 
GEO, FROST CO., Makers, 
Boston, Mass., U.S.A. - 


EVERY PAIR WARRANTED-@@ 
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GRAND PRIZE, PARIS, 1900—HIGHEST AWARD POSSIBLE 


THE OLD WAY. 


| type ata time, 

with a = and an 
old toot brush. 
Result — Time wasted, 
dirty, temper 


REMIE 
THE BEST WAY 


oe type in a few 
seconds with The 
Smith Premier Type 
about it in our new Illus- 
trated Catalogue, Free. 


The Smith Premier Typewriter Co., 
Syracuse, N. Y., U.S. A. 


Inside a Dixon 
Pencil lies the 


secret of its ex- 
cellence. Every 
lead is a perfect 

lead—cased in the 
finest cedar. There are no 
weak points in 


DIXON’S 
PENCILS 
Made in a multitude of styles for every 
conceivable use. If your dealer doesn’t 

keep them, send l6c. for samples worth 


double the money. 
JOSEPH DIXON CRUCIBLE CO., Jersey City,N.J. . 


COPYRIGHT 1900 by the CARTERS INK CO | 


AN OLD BOOKKEEPER IS DISCRIMINATING. 
Better take his advice and use CARTER’s. 
Send for ‘‘Inklings’’—FREE. 

THE CARTER’S INK CO., BOSTON, MASS. 


The No. 2 


“New 
Manifolding 


HAMMOND 


IMPROVED METHOD 
INCREASED POWER 
AUTOMATIC BLOW 

SUPERIOR RESULT 


/t also has a number of Valuable Mechanical 
Improvements. 


It is the Only Writing Machine that makes 
uniformly legible manifold copies. 


It is the Only Writing Machine that will write 
in many languages and styles 
of type on the same machine. 


The Hammond Typewriter Company 
FACTORY AND GENERAL OFFICES 
69th to 7oth Sts., Bast River, NEW YORK, N. Y., U.S.A. 


BRANCHES IN PRINCIPAL CITIES, 
REPRESENTATIVES EVERYWHERE. 
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FOR SALE BY ALL STATIONERS. 


TYPEWRITER 
BULLETIN 


OFFICIAL TYPEWRITER of’ 
the World’s Columbian Exposi- 
tion at Chicago, 


GRAND PRIX (highest award) 
at Brussels. 


DIPLOMA OF. HONOR 
(highest award) at Luxembourg: 


DIPLOMA OF HONOR 
at Ghent. 


GRAND PRIX (outranking all, 
medals) at Paris. 


ADOPTED AS OFFICIAL 
TYPEWRITER of Pan- 


MONON = 
RAINS FOR iil 


La fayette 
W. Baden Spr 
Fr.Lick Spr. 
Louisville 
Mammoth Cave! 
Chattanooga 
New Orleans 
All Southern 
Cities 


AND C.H.&D Rwy. 

LUXURIOUS PARLOR AND DINING 
CARS BY DAY. 
PALACE SLEEPING AND COMPART 
MENT CARS BY NIGHT. 
6 TRAINS DAILY BETWEEN 
CHICAGO AND ‘THE OHIO RIVER 
W.H.M®DOEL FRANK J. pass.act. CHASH ROCKWELL 
PRES. MOR. cH ICAGO TRAFF. MOR. 


NEW MODEL 


Densmores, Nos. 4 & 5 


A great gain over all others in ease, speed 
and wear, and in the number of ends 
accomplished. 


Ball Bearing throughout. 
Booklet free. 


Densmore Typewriter Co. 
309 Broadway, New York. 
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Redmond, 


) | Hig h Grade 
Kerr & Co e | Investment 
BANKERS Securities 


41 WALL ST., N. Y. 


List of current offerings sent on application 
Transact a general banking business 


Receive deposits subject to draft. Dividends and 
interest collected and remitted. Act as Fiscal Agents 
for and negotiate and issue loans of railroads, street 
railways, gas companies, etc. Securities bought and 
sold on commission. Members of New York Stock 
Exchange. 


Issue Travelers’ 
LETTERS OF CREDIT 


available throughout the world 


PHILADELPHIA CORRESPONDENTS 
GRAHAM, KERR & CO. 


PURE! HEALTHFUL! STRENGTHENING: 


Sold at our Stores and b 
** GROCERS EVER THERE 


MADE FROM THE BEAN’ 


ERIGAS MOST POPULAR RAILWAY 


AND 


ALTON 


PERFECT PASSENGER SERVICE 


BETWEEN 


CHICAGO ST.LOU 


HROUGH PULLMAN SERVICE 
BETWEEN CHICAGO AND 


CALIFORNIA » OREG 


IF YOU ARE CONTEMPLATING A TRIP, ANY POR- 
TION OF WHICH CAN BE MADE OVER THE CHICAGO 
& ALTON, IT WILL PAY YOU TO WRITE TO THE UNDER- 
SIGNED FOR RATES, MAPS, TIME-TABLES, ETC. 


Gero, J. CHARLTON, 
GENERAL PASSENGER AGENT, 
ILL. 


Waukesha Hygeia 
Mineral Springs Water 


FROM IT IS MADE THE FAMOUS 
BORO-LITHIA WATER GINGER ALE 
AND WILD CHERRY PHOSPHATE 


¥ 


THE WAUKESHA WATER CO. 
132 N. Jefferson Street, Chicago 


Telephones - - Monroe 1166 and 1168 


Ss. 
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ST.LOUIS KANSAS CITy. @ 
DENVE 
HOT SPRINGS, Ark. DENY R,Colo, 
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| NSURE IN 


The TRAVELERS. 


of Hartford, Conn. 


Endowment, 
and ana ACCident 
ll ... Insurance 


OF ALL FORMS. 


Health Policies. 


Indemnity for Disability caused by Sickness. 


Liability Insurance. 


Manufacturers and Mechanics, Contractors, and Owners of 
Buildings, Horses, and Vehicles, can all be protected by policies 


in THE TRAVELERS INSURANCE COMPANY. 


Paid-up Cash Capital, . . $1,000,000.00 
ASSETS, .. . . . 30,861,030.06 
Liabilities, . . . 26,317,003.25 
EXCESS, 3% per cent basis, 4,543,126.81 


Life Insurance in force, . . . $109,019,851.00 
Returned to Policy holders, . 42,643,384.92 


J. G. BAT TERSON, President. 
S. C. ‘DUNHAM, Vice President. H."J. MESSENGER, Actuary. 
JOHN E. MORRIS, Secretary. E. V. PRESTON, Sup’t of Agencies. 
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GHAINLESS 


AND 


COMBINES CUSHION FRAME 


\GEONPIER cra 


~ 
/ 


BEVELED GEAR CHAINLESS 
HUB COASTER BRAKE. 


-BOSTON-NEW YORK DENVER 


TIME SAVING SYSTEMS 


OF ACCOUNTING 


During our twelve years of continuous experience 
with representative houses throughout the country in 
every line of business, we have selected from the best 
a corps of practical experienced 


ACCOUNTANTS 
whose services we offer at a reasonable charge to con- 
cerns to the the common senée of practical experience 
applied to their business system. We also offer the 
services of one or many competent 


AUDITORS 
There will be no guess work, no erratic theory in the 
work we do, Competition is keener today, and it costs 
more to do business than ever before. To succeed you 
must have perfect organization, As 


DEVISERS OF BUSINESS SYSTEMS 


we can provide for your business a simple, economical, 
accurate accounting system which will show as often as 
may be desired the true condition of affairs in detail. 
We stand on our record as 


MANUFACTURERS 


of Loose Leaf Binding and Filing Devices and S ae 
We have experience to sell tot who want 

willing to pay for results. Address our Audit | ong 
ment, Chicago. 


| BakeR-VAWTER COMPANY | 


ATCHISON, KAN. CHICAGO | 


Our Engraving 


Of Wedding Stationery has 
something to commend itself 
to people of taste and refine- 
ment over the common, ordi- 
nary kind. 


Our Prices 


Are as low as work of our 3 


standard can be named. 


We send you finely engraved 
plate and 100 of latest style 
visiting cards for $1.50. 


Monogram and initial work 
a specialty. 


High class correspondence 
papers. 


$. D. Childs § Zo. 


140-142 Monroe St. 


Established 18377 CHICAGO, 


BICYCLES 
And CARRIAGES 


Cée HARTFORD RUBBER WORKS CO.HARTFORD, Conn. 
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Big Four Route 


FROM 
CHICAGO 
TO 


Indianapolis, Cincinnati, Louisville, 
the 
South and Southeast. 


THE SCENIC LINE TO 
Virginia Hot Springs and Washington, D.C., 
via the Picturesque 
CHESAPEAKE & OHIO R’Y, 


the short line to 
Asheville, N. C,, and Florida. 


W. J, LYNCH, GP, & T.A. P. DEPPE, Ass’t G.P. & T.A. 
CINCINNATI, O. 


J. C. TUCKER, G.N.A. 234 Clark St., CHICAGO 


f DAN:AMERICAN 
EXPOSITION 


IS THE SHORTEST LINE 


BV FFALO Se 


KANSAS CITY, ST. LOUIS, CHICAGO 
AND INTERMEDIATE POINTS, 
For Descriptive Matter, Rates. etc. , callon nearest 
Ticket Agent, or address 
4. ©. 8. CRANE, Gen’! Pass'r and Ticket Agent, 8T. LOUIS. 


PICTURESQUE 
ROUTE 


N. E. A. MEETING 


Detroit, Michigan 


JULY 8 to JULY 12 


AND THE 


Pan-American Exposition 


Buffalo, New York 


MAY to NOVEMBER, 1901 


CITY TICKET OFFICE: 
249 Clark Street, cor. Jackson Boulevard 
CHICAGO 


NOTICE 


The EXCELLENT 
PASSENGER 
SERVICE 


From CHICAGO 
To the EAST 


Aut Trains Datty 


Buffalo, Albany, and New York. 


10 10:30 a.m, New York and Boston Special. 


2:00p.m, New England Express. 


5:30p.m, Lake Shore Limited. 


8:30p.m. Cleveland. 


28 10:35 p.m. New York and Boston Express, 


32 3:00a.m, Buffalo and East. 


City ticket office, 180 Clark St. 
F,M.BYRON,G.W.A., | A.J.SMITH,G.P.A., 
Chicago, Cleveland, 
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THE PHOTOGRAPHIC 
TIMES For May 


AS one of the most valuable contributions to photographic literature ever published. 

It contained, besides other features of value, nineteen examples of the work of the 

recently deceased H. P. Robinson, perhaps the world’s greatest photographer. 

Many of these are of full page size, printed on heavy plate paper, and the frontispiece in 

photogravure is by the same artist. This number should be on the shelves of all who have 
any interest in photography as an art. 


The June Number will contain many features of exceptional interest. 


A photogravure frontispiece, and many articles written by photographic experts which will 
be found to be of great value. 


To introduce the magazine to a still larger circle of readers, we will 
send the Photographic Times for May and for June as well as one other num- 
ber, all for twenty cents in stamps —Three for the price of one. 


The Photographic Times is published monthly. 
Subscription price, $2.00 a year. 


The SCOVILL & ADAMS COMPANY of NEW YORK 
3 and 5 West Nineteenth Street, New York 


“IT’S ALL IN THE LENS”’ 


TE IN (TS 


KORONACAMERAS| 


PLEASE THE CRITICAL 


Every style of Folding Camera shows its highest development in Our Series VI, long focus, is the only camera of 
A BULL ARD AMERA this design on the market fitted with a convertible 
tad t, Bullard has it with a lens. It is unequaled in quality, and matchless in 

conveniences no other make supplies, together with several ngw styles. beauty. SPECIAL TERMS to educational institu- 

Fitted with special lenses of high efficiency. The product of expert de- tions. 


signing backed by unlimited facilities. All are 


NEW THIS SEASON GUNDLACH OPTICAL CO. 


Send for Catalogue No. 10, showing Folding, Cycle-folding, 
ROCHESTER, N. Y. 


Long-focus, Magazin ding, Magazine fixed-focus, Magazine wi 
ground-glass and plate-holder arrangement — 35 Styles —the first com- 
plete line ever offered. Our ‘cycle folding”’ is brimful of new features. Send sor Catalogue 


Bullard Camera Co., Springfield, Mass. 
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A Series of Papers on MICRO-CHEMICAL ANALYSIS 


By PROF. E. M, CHAMOT, Cornell Univ., now running 


Journal of 


Applied Microscopy | 


Laboratory Methods 


January, 1901 


i} Current 


SUBSCRIPTION $1.00 PER YEAR 


| Notes on Recent 


LEADING SUBJECTS 


 Pretiminary Study of 


Mycetozoa. 
CLARA LANGENBECK, Wells College, 
Micro-Chemics! X. Potassium. 


Easy Method of Mounting and Preserving 


Mosquitos. 


Current Botanical Liter 


ature. 
CHAS. J. CHAMBERLAIN, University of Chicago, 
Cytology, Embryology and Microscopic: 
AGNES M. CLAYPOLE, Cornell University, 
Normal and 


Pathological H istology. 
RICHARD M. PEARCE, M. D., Harvard College, 


iterature. 
Mineralogical Litersture. 
ALFRED J. MOSES, LEA Mcl. LUQUER, 


AdOD 


RAYMOND PEARL, University of Michigan, ........ 
u 


Publication Deparment BAUSCH & LOMB OPTICAL C©O., Rochester, N. Y. 


Cee 


LONDON & Ward, Lid. 6 Farringdon Avenues, EC 


ROCHESTER, N. Y. 


MICROSCOPES 


FOR EVERY 
PURPOSE 


Catalogue Free 


BAUSCH 
& LOMB 
OPTICAL 
COMPANY 

‘ 


NEW YORK CHICAGO 


Kodak, and the Nos, 3, 4, and 5 
complete, 


GOERZ 
LENSES 


| EASTMAN 


nd 


KODAKS 


We are now ready to supply our Double-Anastigmat Lenses fitted to the Nos. 2 and 3 Folding Pocket 


1.50. 


detached for use on other cameras, 
For prices, circulars, ete., apply to your dealer, or to the 


Cc. P. GOERZ OPTICAL WORKS. 52 East Union Square, NEW YORK 


elding Cartridge Kodak. 
0. Pocket Kodak with Goerz Double-Anastigmat and New Automatic Shutter, 
f you have a Kodak we will fit a Lens for $14.00 less. This Lens and Shutter may be 


For Japan: Yoshisoe, Botanical Ge den, Imperial University, Tokio. 
wv 
\ 
an | 
AN 
\ 
Moses C. White. © 
Fire in the Veterinary College at Cornell. \ /, 
\ 
The New York Botanica! Garden. \ 4 
} General Phys | 4 i 
| Bacter 4 
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Platts 
The Household Disinfectant. 


An odorless, colorless liquid; powerful, safe 
and cheap. Instantly destroys foul odors and 
disease-breeding matter. Sold in quart bottles 
only, by druggists and high-class grocers. 


FREE 


A practical treaties compiled from Board of Health reports 
on contagious diseases, such as: Diphtheria, Scarlet Fever, 
Typhoid, Measles, Consumption, etc. ; how to prevent and 
treat them, with illustrations showing methods of house- 
disinfection, will be mailed free upon request. 


HENRY B. PLATT, 36 PLATT ST., NEW YORK. 


{Burlington 
Dining Cars 


Service a la Carte 


UR 8,000 miles of rail- 

road reach out from 

OSES are always on the tables, 

: : St. Louis to all the important 

and delicate china, glass and cities in the west and north- 
west such as 


ST. PAUL 
MINNEAPOLIS 


silver add to the pleasure of a dinner 


well cooked and daintily served OMAHA 


KANSAS CITY 
DENVER 


If you are going to any of 

All the Season’s Delicacies kindly ot mo cond yon 

at Very Moderate Prices 
: P. S. Eustis, 


Gen’! Pass. Agt., C. B. & Q. R. R., 
CHICAGO, ILL. 
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IN URIC ACID DIA. 

MATISM, ETC. THIS 
WATER DISSOLVES URIC ACID AND PHOSPHATIC SEDIMENTS, ETC., ETC. 


John V. Shoemaker, M.D., LL.D., Professor of Matena Medica and Therapeutics in the 
Medico-Chirurgical College of Philadelphia, etc., in the New York Medical Journal, June, 22, 1899: 

a is doubly efficient in Rheumatism and Gout. It 
The BUFFALO LITHIA WATER dinsobeas Uric Acid and Posphatic sediments, 

as well as other products difficult of elimination, while at the same time it exerts a moderately stimu- 
lant effect upon the renal cells, and thereby facilitates the swift removal of insoluable materials from 
the body. ithout such action insoluable substances will precipitate in the Kidneys and Bladder. 

The intense sean | produced by Stone, together with consecutive pyelitis and cystitis, are 

avoided by prompt elimination. Unquestionably, although the speedy removal of Uric Acid and 

pr change is of conspicuous benefit, yet to their formation 

s a service stili more important. when it corrects those 

This service is performed by the BUFFALO LITHIA WATER digestive failures 

which are responsible for the production of deleterious materials.” 

The late Hunter McGuire, M.D., LL. D., Formerty President and Professor of Clinical a 
Surgery, University College of Medicine, Richmond, Va., and Ex-President of the American Medical aes, 
Association, says: 

be BUFFALO LITHIA WATER as an alkaline diuretic is invaluable. In Uric Acid 
Gravel, and indeed in diseases generally dependent 

upon a Uric Acid Diathesis, it is a remedy of extraordinary potency. | have prescribed it in 
cases of Rheumatic Gout which had resistéd the ordinary remedies, with wonderfully good results. 


I have used it also in my own case, being a great sufferer from this malady, and have 
derived more benefit from it than from any other remedy.”’ 


: Dr. P. B. Barringer, Professor of Physiology and Surgery, University of Virginia: 
¥ “In more than twenty years of practice | have used Lithia.as an anti-uric acid agent many times, 


and have tried it in a great variety of forms, both'in the NATURAL WATERS and in TABLETS. 
As the result of this experience, | have no hesitation in stating that for prompt results I have found 


, nothing to in preventing uric acid deposits in the 
| _compare with BUFFALO LITHIA WATER body, My experience with it as a solvent 


other forms to their disadvantage; but for the A 

first class of conditions above set forth | feel that BUFFALO LITHIA WATER ALONE,” 

Dr. Thomas H. Buckler, o Paris (Formerly of Baltimore), Stggestor o Lithia as a Sal- 
vent for Uric Acid, says: 


** Nothing I could say would add BUFFALO I have frequent! 
to the well-known re tation of the LITHIA WATER. used it with abd 
: results in URIC ACID DIATHESIS, RHEUMATISM, and GOUT, and with this object I have 
b 3 ordered it to Europe. Lithia is in no form so valuable as where it exists in the carbonate, the 


form in which nature’s mode of solution and division in 
it is (ound in BUFFALO LITHIA WATER, water which has passed through Lepidolite 
i and Spondumne Mineral formations.”’ 

Dr. J. W. Mallet, Professor of Chemistry, University of. Virginia. Extract from report of analysis 


of Calculi discharged by BUFFALO aes: 
patients under the action of LITHIA WATER Spring No. 2. 4 
** It seems on the whole sere: that the action of the water is PRIMARILY and MAINLY ao 
EXERTED upon URIC ACID AND THE URATES, but when these constituents occur along ' _ 
with and as cementing matter to Phosphatic or Oxalic Calculus materials, the latter may be ar ae 
so detached and broken down as to disintegrate the Calculus as a whole in these cases, also thus ee 
admitting of Urethral discharge.” 


F James L. Cabell, M.D.,A.M., LL. D., Formerly Professor of Physiology and Surgery in the 


2 


Medical Department q the University of Virginia, and President of the National Board of Health, says: 


a “ LITHIA WATER in Uric Acid Diathesis is a well-known thera- 
rm” BUFFALO peutic resource. It should be recognized by the 
a profession as an article of Materia Medica.” 


BUFFALO LITHIA WATER is for sale by Grocers and Druggists generally. 


TESTIMONIALS. WHICH DEFY ALL IMPUTATION OR QUESTIONS SENT TO ANY ADDRESS 


PROPRIETOR. BUFFALO LITHIA SPRINGS . VIRGINIA 
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Weber! 


March 16, rgor. March 16, rgor. 
Weser Company, Weser Company, 


New York. ‘ New York. 
Gentlemen ;—Let me thank 


iful W. 
you for the beautiful Weber of the Weber pi ; 


piano which I am now usi ’ 
in * apartments in the Git by me in New York, San 
sey 


ouse, Its tone quality, Francisco, and elsewhere 
remarkable for purity, power, | has given me real delight, 
and I have ‘found them 
derfully adapted admirable instruments in 


panying the voice. all ways. 


Sincerely yours Sincerely yours, 
JEAN DE Reszxe. Epovarp be Reszxs. 


The Weber Pianos used by the artists of the 
Maurice Grau Opera Company during the past 
= pa all of them new instruments ex- 
cept for a few weeks’ service) are now on sale 
“ KNOWN at the WEBER WAREROOMS, 108 Fifth Avenue, 
ACTITIONER, THE NURSE corner Sixteenth Street, New York, at 


AND THE INTELLIGENT HOUSEKEEPER AND CATERER © SSPECIAL PRICES 
WALTER BAKER & CO. Limited Write promptly for list and full particulars, 


“ESTABLISHED 780 DORCH 
* GOLD MEDAL, PARIS 1900. mentioning this magazine. 


a 

CoO COA 

’ 

~S 

F 


—- 


